I 10/518704 

1°PJ> OTOIRec'dPCT/PTG ,7 DEC am, 

DESCRIPTION 

THIN FILM PIEZOELECTRIC RESONATOR, THIN FILM PIEZOELECTRIC DEVICE, AND 

MANUFACTURING METHOD THEREOF 

Technical Field: 

• The present invention relates to a thin film piezoelectric 
device prepared by combining a. plurality of thin film piezoelectric 
resonators utilizing piezoelectric thin films and, in more detail, 
relates to a thin film piezoelectric resonator for use in a filter for 
a communication apparatus, a thin film piezoelectric device, and a 
method of manufacturing the device. 

Moreover, the present invention relates to a thin film 
piezoelectric resonator utilizing a piezoelectric thin film for use in 
broad fields such as a thin film filter for use in a mobile 
communication apparatus or the like, a duplexer or 
transmission/reception switching unit, a thin film voltage control 
oscillator (VCO) , various types of sensors and the like, a device 
using the resonator, and a method of manufacturing the device. 

Background Art : 

A. device utilizing a piezoelectric phenomenon has been used 
in a broad field. While miniaturization and power saving of a 
portable apparatus advance, use of a. surf ace acoustic wave (SAW) 
device as a filter for RF and IF filter has been increased. An SAW 
filter has .met user's strictly required specifications by improvement 
of design and production technique, but improvement of characteristics 
has been nearly limited with increase of a utilized frequency, and a 
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great technical innovation has been required both in miniaturization 
of electrode formation and securement of stable output. 

On the other hand, . in a thin film bulk acoustic resonator 
(hereinafter referred to as FEAR) and stacked thin film bulk aboustic 

5 resonators and filters (hereinafter referred to as SBAR) utilizing 

thickness vibration of a piezoelectric thin film, a thin film mainly 
constituted of a piezoelectric material , and electrodes for driving it 
are formed on a thin support film disposed on a substrate/ and basic 
resonance in a gigahertz band is possible. When. the filter is 

0 constituted of FRAR or SBAR, it is possible to achieve remarkable 

miniaturization, low loss/broad band operation and integration with a 
semiconductor integrated circuit, which are expected to be applicable 
to a future extremely miniature portable apparatus. 

A thin film piezoelectric resonator or vibrator such as FBAR, 

5 SBAR applied to the resonator, filter or the like utilizing the 
elastic wave is manufactured as follows. 

A substrate film or base film made of a dielectric thin film, 
an electric conductor thin film, or a laminate thereof is formed on a 
substrate of a semiconductor single crystal such as silicon, 

0 polycrystal diamond formed on a silicon wafer, insulator such as glass, 
or a constantly elastic metal such as eliftvar by various thin film 
forming methods . A piezoelectric thin film is formed on this 
substrate film, arid an upper structure is further formed if necessary. . 
After forming each layer, or forming all layers, each film is 

-> subjected to a physical or chemical treatment to thereby perform 
patterning and etching* A suspended structure in which a portion 
positioned under a vibration portion is removed from the substrate is 
prepared by anisotropic etching based on a wet process, thereafter the 
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obtained structure is separated by the unit of one device if necessary, 
and accordingly a thin film piezoelectric device is obtained. 

For example, a thin film piezoelectric resonator described 
in JP (A) -58-153412 or JP (A) -60-142607 is manufactured, When a 

5 substrate film, a lower electrode, a piezoelectric thin film, and an 
upper electrode are formed on the upper surface of a substrate, 
thereafter a via hole is forined by removing a portion of the substrate 
under a portion constituting the vibration portion from the lower 
surface of the substrate. 'When the substrate is made of silicon, a 

.0 . via hole is formed by etching and removing a part of the silicon 

substrate from the back surface using a heated KOH aqueous solution. 
Accordingly, a resonator can-be prepared having a configuration in 
which an edge portion of a structure consisted of ei layer of a 
piezoelectric material sandwiched between metal electrodes is 

.5 supported by a portion around the via hole ori the front" surface (upper 
surface) of the silicon substrate. 

However, when wet etching is perforated using alkali Such as 
KOfi, side planes of the via hole are inclined 54 . 7 degrees with - 
respect to a (100) silicon substrate surface because the etching 

0 proceeds in parallel with (111) face, and a distance between centers 
of adjacent resonators has to be remarkably enlarged. Tor exanple, 
when /a resonator having a vibration portion with - a plane dimension of 
about 150 Mm*150 pm is constituted on a silicon wafer with thickness 
of 300 pm, the resonator requires a back-surface etching hole of about 

5 575 Hmx575 pmm and the distance between the centers of the adjacent 

resonators is 575 pm or more. This inhibits high density integration 
of an FBAR resonator. Moreover, when metal electrodes disposed in 
such a manner as to sandwich a piezoelectric thin film are extended to 
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connect adjacent resbnators, electric resistance increases because of 
longer, distance of the metal electrodes. Therefore,, there is a 
problem that insertion loss of the thin film piezoelectric device 
prepared by combining a plurality of FBAR resbnators becomes 
remarkably large. Ah acquired amount of final products/ that is, the 
number of thin film piezoelectric resbnators formed per unit area oh a 
wafer is limited, and a region of about 1/15 of a wafer area is only 
utilized for the resonator to produce devices ♦ 

A second method of the conventional technique to manufacture 
thin film piezoelectric resonators such as FBAR, SfeAR applied, to the 
thin film piezoelectric device is making of an air bridge' type iTBAR - 
device as described, for exanple> in JP (A) -2-13109; Usually; a 
sacrificial layer is disposed at first, arid next a piezoelectric 
resonator is produced on this sacrificial layer. ; The sacrificial 
layer is removed in or near the end of the process/ and the vibration 
portion is formed. . Since all processes are performed on the wafer 
front surface, this method does not require alignment of patterns on 
the opposite surfaces of the wafer or a large-area opening in the back 
surface of the wafer. In JP (A) -2000-69594, a constitution arid a 
manufacturing method of an air bridge type FBAR/SBAR device using 
phosphor silicate giass (PSG) as the sacrificial layer' are described. 

However^ in this method, a long corticated atep is required. 
That is, after a series of steps of formation -of a hollow in the front 
surface of the wafer by etching, deposition of the sacrificial layer 
on the front surface of the wafer by a thermal enhanced chemical vapbr 
deposition (CVD) method, planarization and smoothening of the w^fer 
surface by CMP polishing, and deposition of the lower electrode, the 
piezoelectric thin film, and the upper electrode and formation of the 
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pattern on the sacrificial layer , a via (hole) extending to the hollow 
is made, an upper structure deposited on the front surface of the 
wafer is protected by a resist or the like, and an liquid etching 
reagent is penetrated through the via hole to thereby remove a 

5 sacrificiai material from the hollow. Moreover, the number of masks 
for use in forming the pattern largely increases. As the 
manufacturing step is long and complicated, the cost of the device is 
increased, yield of a product drops, which results in further increase 
of the cost of the device. It is difficult to spread this expensive 

.0 device as a general-purpose component for a mobile communication 
apparatus. Since the liquid etching reagent for. use. in Removing.. 
sacrificial materials such as phosphor silicate glass ; (PSG) Corrodes 
the. layers of the lower electrode, the piezoelectric thin film, and 
the upper -electrode constituting, the upper structure, the materials 

.5 usable in the upper structure are _ remarkably limited, Furthermore,- 

there is a serious problem that it is difficult to prepare an FBAR or 
SBAR structure having a desired dimensional precision. 

As piezoelectric materials for the thin , film piezoelectric . - 
device, aluminum nitride (A1N) , zinc oxide (ZiiO) , cadmium sulfide 

0 (CdS), lead titanate (PT (PbTi0 3 ) ) , lead zirconate titanate (PZT(Pb(Zr, 

Ti) 03) ) and the like are used. Especially / AlN has : a high r^aropagatioh 

speed of an elastic wave, and is suitable as the piezoelectric 
material for a thin film piezoelectric resonator and a thin film 
filter operating in a high-frequency band region. 
5 Since the FBAR and SBAR obtain resonance by propagation of 

the elastic wave in the thin film, resonance characteristics of the 
FBAR and SBAR are largely influenced by not only vibration 



characteristics of the piezoelectric thirl film but also those of the 
electrode layer or the substrate film,. Therefore, various ... 
restrictions exist from a vibration characteristic aspect with respect 
to shapes and thicknesses of the electrode layer and the substrate 
film- For example, when the electrode layer or the substrate film is 
thickened, there is a problem that effective electromechanical 
coupling coefficient of the FEAR or SRAR is reduced* On the other 
hand, when the metal electrode layer is thinned and elongated, . 
conductor loss becomes higher by the increase of electric resistance, 
and therefore various restrictions are generated in designing the 
structure of the thin film piezoelectric device prepared by : cc^ining 
a plurality of EBARs or SBARs • 

The thin film piezoelectric device exerting a sufficient . 
performance in a gigahertz band has not been obtained for the above 
reason. Therefore, there has been a strong demand for realization of 
ai high-performance thin film piezoelectric device in which all 
characteristics such as an electromechanical coupling coefficient, 
acoustic quality factor (Q value), temperature stability of a resonant 
frequency,., and insertion loss of a vibration portion including hot 
only the piezoelectric thin film but also the . electrode layer and the 
substrate film- are improved. Especially, the- insertion loss -is an - 
important parameter which influences the performance in constituting 
the resonator or: the filter, and largely depends on the quality and 
characteristics of the metal electrode thin film for use. - 

Disclosure of the Invention: 

The present invention has been developed in consideration of 
the above-described problems, and an object of the present invention 



is to provide a thin film piezoelectric, device which is prepared by 
combining a plurality of resonators constituted of an FBAR or an SEAR 
having a large electromechanical coupling : coefficient and . superior 
acoustic quality factor (Q value), and . frequency temperature 
characteristic and whose insertion loss is small arid whose performance 
has been improved. 

According to the present invention, to achieve the Above- 
described object, there are provided the following high-performance 
thin film piezoelectric device which is superior in the acoustic 
quality factor, bandwidth, temperature characteristic and the like and 
whose insertion loss is small, and a method of manufacturing the - : . 
device. 

It; has-been known that the insertion loss 'of the thin film 
piezoelectric device, for example, a filter prepared by combining a 
plurality of thin film piezoelectric resonators depends oh a conductor 
loss of a metal electrode layer, the present inventors have 
considered that electric resistance of a metal electrode electrically 
connected to adjacent thin film piezoelectric resonators drops, when a 
distance between centers of the adjacent thin film piezoelectric 
resonators is shortened, and, as a result, the insertion loss can be 
largely lowered. Theh> as a • result of ; 'various Stt^eg»-Sf. : ^fearo'ire"S-'tO 
shorten the distance between the centers of the adjac^ht thin film 
piezoelectric resonators/ it has been found that applying of - . 
ahisotrbpic etching by a deep graving type reactive ion etching (deep 
RIE) process which is deep trench etching utilizing plasma is most ' 
preferable solving means both in inprovement of the performance of the 
thin film piezoelectric device and reduction of the cost. 

In order to attain the above object, according to the 
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present invention, there is provided a thin film piezoelectric device 
including a substrate having a plurality of vibration spaces and a 
piezoelectric laminated structure formed on the substrate/ d plurality 
of thin film piezoelectric resonators being formed facing the 
5 vibration spaces, 

wherein the piezoelectric laminated structure hais at least a 
piezoelectric film and a metal electrode . formed on at least i part of 
each of opposite surfaces of the piezoelectric film, 

the piezoelectric laminated structure comprises diaphragms 
0 positioned facing the vibration spaces , and a support area other than 
the diaphragms/ 

at least one set of two adjacent thin film piezoelectric 
resonators are. electrically connected to each othet through^ the metal 
electrode, - 

5 : the thin film piezoelectric device comprising at least one 

set of two adjacent thin film piezoelectric resonators in which DO is 
a distance , between the centers of the diaphragms of the two 
electrically connected adjacent thin film piezoelectric resonators and 
Dl is a length of a segment of a support area oh a straight line . • 
0 passing through centers of the diaphragms of two electrically 

. connected adjacent thin film piezoelectric resonators , and a ratio.' 
' D1/D0 is 0.1 to 0.5. - v :r ? J^, r .- ^ : ^JAr.i 

In" an aspect of the • present invention, the ratio Cl/D'O Is . in 
a range of 0.1 to 0.5 with respect to all the sets of two electrically 
5 connected adjacent thin film piezoelectric resonators. "In an -aspect 
of the present invention, each of the vibration spaces is fabricated • 
by a via hole extending from the surf ace. of the substrate on which the 
piezoelectric laminated structure is formed to the opposite surface, - 
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and a side wall surface of the via hole forms, an angle in a range of 
80 to 100° with respect to the surface of the substrate on which the 
piezoelectric laminated structure is formed. 

In an aspect of the present ' invention/ the piezoelectric .' 

5 laminated structure c6rt$>i:ises a lower electrode cohstitutihg the metal 
electrode, the piezoelectric film, arid an upper electrode constituting 
the metal electrode stacked in order from the substrate side in at 
least one thin film piezoelectric resonator. In an aspect of the - 
present invention, the upper elebtrode of the at least one thin film 

0 piezoelectric resonator ^cdrriprises two electrode portions. 

In an aspect of the present invention, the piezoelectric 
laminated structure comprises a lower electrode constituting the metal 
electrode, -a first piezoelectric film, an inner electrode constituting 
the metal Electrode, a second piezoelectric film, and an upper 

5 electrode constituting the metal electrode stacked in order from the 
substrate side in at least one thin film piezoelectric resonator. 

In an aspect of the present invention, at least one 
insulating layer of silicon oxide and/or silicon nitride as a main 
component is attached to the diaphragm. In an aspect of the present 

6 invention, an insulating layer comprising at least , one layer of 
silicon oxide and/or silicon nitride as a main . corttpoherit . iritefvenes 
only between the support area of the piezoelectric laminated structure 
and the 'substrate*'- .-. ' 

iri an aspect of the present invention, the piezoelectric 
5 film is an oriented crystal film represented by a general formula 

Ali» k Ga x N (where 0 < x < 1) and made of a solid .solution of aluminum 

nitride and gallium nitride showing a c-axis orientation, and a 
rocking curve half value width (FVJHM) of a diffraction peak of a 



(0002) surface of the film Is 3.0° or less in at least one thin film 
piezoelectric resonator. In ah aspect of the present invention, the 
piezoelectric film is a zinc oxide thin film showing a c^axis 
orientation, and a .irocking curve half value , width (FWHM) of a 
diffraction, peak of a (0002) surface of the film is 3.(f ;6t less in at 
least one thin film piezoelectric resonator. In an aspect of the 
present invention, the piezoelectric film is a lead titanate thin, filiti 
or a lead zircohate titanate thin film in at least one thiri filiti 
piezoelectric resonator. 

In ah aspect of the present inventibn> the planar shape of 
one of the diaphragms has two pairs of opposite sides, and at least 
one pair bf opposite sides is formed to be hbh-paraliel in at least 
one thin film piezoelectric resonator. In an aspect bf the present 
invention, at least : a part of the planar shape of one of the 
diaphragms is formed by a non-square irregular polygbnal shape in at 
least one thin film piezoelectric resonator; In an aspect of the 
present invention, the planar shape of one of the diaphragms is formed 
by a non-square irregular polygonal shape including a curved portion 
In at least a part of the shape in at least one thin film 
piezoelectric resonator. 

In ah aspect of the present invention, the thin film 
piezoelectric : device being a thin film pie zbelectf ib filter . ; : izvari V' 
aspect bf the present invention, the thin film piezoelectric, filter 
comprises • a ladder type circuit conprising a plurality of thin film 
piezoelectric resonators connected in series and at least one of the 
thin film piezoelectric resonators branched from/connected to the 
plurality of resonators connected in series. 

In an aspect of the present, invention, the thin film 
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piezoelectric device being , a duplexer comprising a plurality of thin 
film piezoelectric filters, in an aspect of the present invention/ 
the thin film, piezoelectric filter comprises a ladder type circuit 
■ comprising, a plurality of thin filrn piezoelectric resonators connected 
5 in series and at ieast one Of the thin fiM piezoelectric resbhatbrs 
.branched f rom/connected to the plurality of iresoriators connected in 
series. 

in order to attain the abbye object, according to the. 
present invention, there is also provided a method of manufacturing 

.0 the thin film piezoelectric device according to claim 1, comprising 
the steps of: forming the piezoelectric landnkteti- ^stSnit^'tiSSi-'Oti^ithe^"' 
substrate cbnprising a semiconductor or an insulator; and thereafter 
forming the, vibration spaces in the substrate from a side opposite to 
the side on which the piezoelectric laminated structure is fabricated 

.5 by a deep graving type reactive ion etching process. 

In order to attain the above object, according to the 
present invention, there is also provided a thin film piezoelectric 
resonator formed using a substrate having a vibration spade, and a 
piezoelectric iaminated structure formed on the substrate, wherein: the 

:0 piezoelectric laminated structure comprises at least a piezoelectric 
filing ahci:. a : metal electrode f oi^tied bn^ at leait ' a part- of - eich' of the 
• b^s^ the ^iSS^t^fy^^l^'.- 

fabricated by a via hole extending from the" surface of the^ub^t^kte^ 
on which the piezoelectric laminated structure" is formed -to ah . ' 

5 opposite surface, and a side wall surface of the via hole fbrins an 
angle in a range of 80 to 100° with respect to the surface of the 
substrate on which the piezoelectric laminated structure is. formed. 
In the present invention, to form the vibration portion 



having a structure in which the layer of the piezoelectric . material is 
held between the plurality of . metal electrodes oh the upper surface of 
the substrate constituted of the semiconductor .or the insulator, the 
substrate portion present under the portion constituting the vibration 
portion is anisotropically remold from the underside ot the substrata 
by the deep graving type reactive ion etching (deep RIE) process which 
is deep trench etching utilizing plasma, and the via hole* constituting 
the vibration space is formed. it is to b£ noted that in the pre seht 
description, the main surface which, is. one of twb main surfaces of the 
substrate and on which the piezoelectric laminated structure including 
the vibration portion is formed is referred to as the "upper surface" 
for the sake of convenience, and the other main stiff ace -is sometimes - 
referred to as the "lower surface" fof the sake of convenience. 

The deep RIE process is plasma etching using a reactive gas, 
and is suitable for anisotropically working the silicon wafer at a 
high etching speed to form a deep trench or via hole having a 
substantially vertical sectional shape at a tapered angle close to 
veirticality. One example will be described. The silicon wafer in 
which the predetermined portion is masked with a pattern formed by 
photo resist is charged in the reaction vessel of the dry etching : 
equipment cdnprisihg an inductively Coupled pla^ 

supply. The silicon wafer is clanped 6n a high-freqiiehcy (13. 5iS MHz) 
electrode by ah electrostatic chuck- . and held in the vicinity of room 
temperature^ (-20 to 60°G) by Cooiirig with a Helium gas. .. While - a 
plasma state is held to be constant, the etching of silicon and the 
formation of the protective film on the side wall can be alternately ' 
and periodically performed by adoption of a time modulation process in 
which an SFg gas that is an etching gas and a C 4 Fg gas for forming the 



protective film are alternately introduced into the vessel by a gas 
switch control unit. v At the C4F8 discharge time in the first step, 

the protective film is fo£med oh the side wall by deposition of £ri 
nCF2 polymer based film by ionization and dissociation of the C4F3 gas 

In the second step, the high-frequency bias potential is ia£>pli£d, and 
the protective film on the bottom surface of a working pattern is . 
efficiently removed. The etching in a vertical direction proceeds by 
collision of fluorine radicals generated By the SF5 discharge of the 

third step. When the time constant of each step is optimized/ 
deposition of necessary minimum amount of protective f ilia and high- 
anisbtrbpy etching, by the S'F 6 plasnta : caii be realized, Th^ etching . 

speed/ etching worked shape, selection ratio of silicon t6 the "mask 
material, uniformity of the etching and the like are influeribed by the 
time constant of each step. This method has a characteristic that . any 
special equipment for controlling the sample tenperature is nbt 
required, and the working at the high etching speed and with high 
anisotropy can be performed in the vicinity of roam tenperature. 

That is, the side wall of the via hole is formed at the 
tapered angle close to the verticality toward the uppet Surface from 
the lower surface of the substrate by the application Of the deep ;RIE 
process. Therefore, a via hole having 1 a small 4if f^r^iid^ Between the 
dimension of the diaphragm which . corresponds tb a pbrtibh -of the lower 
electrode or the insulating layer facing via hole which is a vibiratibn 
space and that of the opening in the lower surface of the substrate is 
formed, and the distance between the centers of the electrically 
connected adjacent thin film piezoelectric resonators can be shortened. 
Here, the tapered angle is an angle formed by the average plane 
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representing the side wall surface, of the via hole formed steward, the 
upper surface from "the lower surf ace of the substrate with the lower . 
surface of the substrate or the upper surface of the substrate. When 
the tapered angle or club-shaped angle is in a range of 80 to 100 

5 degrees, it can fee said that the angle is close to vertic^lity . A 
plurality of thin film piezoelectric resonators are constituted .and 
formed into a device ih such a manner that, on a straight line: 
connected to f the centers (two-dvmensional geometric gravity centers ) 
in the surf aces parallel to the upper surfaces of the : stabstrkt^ of the 

0 electrically connected ad j acent thizx film piezoelectric resonators , 
the - ratio D1/D0 of the length Dl of the secernent passing • thrdu^h • the 
support area ibf the piezoelectric laminated strucbtuie existing between 
the^ diaphragms of the adj aceht thin film piezoelectric resbnators to 
the distance DO between the centers of the electrically connected 

5 adjacent thin film piezoelectric resonators is 0.1 to 0; 5. The 

arrangement in which. the above-described ratio D1/D0 is 0.1 to 0.5 is 
preferable in all combinations of the electrically connected .adjacent 
thin film piezoelectric resonators, and this arrangement may be 
applied to at least one set of adjacent thin film piezoelectric • 

0 resonators.. When the plurality of thin film piezoelectric resonators 
integrated in this manner are coined, a thin ;fiM pie^l^tfic- ^ 
device can be manufactured having a small insert idn loss ind exc^l^ht 
characteristic and high performance. . ; : v/.i; W' 

The ceriter (two-dimensional geometric gravity center) in the 

5 surface parallel to the upper surface of the substrate of the thin 
film piezoelectric resonator in the present invention is the two- - 
dimensional . center of the diaphragm constituting the thin film 
piezoelectric resonator, and means the two-dimensional geometric 
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gravity center of the diaphragm. The two-dimensional geometric ... 
gravity center of the shape surrounded .with arbitrary closed curve can 
be obtained, when the balance is actually measured in two cases' of 
different gravity directions, and may be graphically obtained. For 

5 example, as to the quadrangle, as described in "introduction to 

Geometry" by Coxeter, "when eight points each dividing each side of 
the quadrangle into thfee equal parts are taken; and new quadrangle 
^ surrounded by four straight lines each passing through two points each 
dividing the side of the original quadrangle into three equal . jsafts, 

.0 and existing adjacent to each vertex of the original Quadrangle, is 
made, this new quadrangle is a parallelogram" . At this ticte> the 
intersection of the diagonal lines" of the parallelogram i s; a geometric 
gravity . center v In the case of ail n-gon shape (n is an integer of 4 
or more ) , the . diagonal line is drawn using one vertex of the n-gbh 

.5 shape as a starting point, and the shape is divided into h-2 triangles. 
When the weighted average of the gravity center of each of the divided 
triangles is obtained, the gravity center of the whole n-gon shape is 
obtained. : 

The piezoelectric laminated structure constituting - the- thin 
:0 film piezoelectric resonator in the present invention is formed of two 
areas defined by the positional relation with respect > to thfe: substrata 
. having -a vibration spate. One area is, the diaphragm #dsitioh^ : f abbve 
the vibration space, and the other area is the support ar<5a v positioned 
on the v substrata • portion (support portion) excluding th^ vibratioh 
5" space.;' ' V - -V. :-,y/-. 

In. the present invention, the straight line (present: in the 
surface parallel to the upper surface of the substrate) connecting the 
two-dimensional centers of the electrically connected adjacent thin 
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film piezoelectric resonators to each other, that is /the. two- 
dimensional centers of the. diaphragms of the electrically connected 
adjacent thin film" piezoelectric resonators passes through the 
respective diaphragms of the adjacent thin film piezoelectric 

5 resonators and the support area eixistihg between two diaphragms. 

Assuming that the lengths of the. segments of the straight line passing 
through the diaphiragms of the adjacent thih film piezoelectric 
resonators ; are D2, D3, and the length of the s^gmkht passing through 
the support area is Dl, the distance DO between the centers of the 

0 adjacent thin film piezoelectric resonators is represented by: 
DO = D1+D2+D3. 

■ In the present invention, each thih film piezoelectric 
resonatbi: is disposed in a position where the straight lirie : aohhecting 
the twb-dimehsiorial centers (centers of ! the diaphragms) of the 

5 electrically. /connected adjacent thin film piezoelectric resonators . to 
each other, has the length Dl of the segment passing through the 
support area existing between the adjacent thin film piezoelectric 
resonators arid the distance DO between the centers of the adjacent 
thin film piezoelectric resonators,, and the ratio Di/E>0 " is 0 .1 to ' 0 . 5, 

0 preferably 0.18. to 0.3. When the ratio Dl /DO is smaller than 0.1, the 
; substrata -£oM between ; ^ii^ : hbl^s 

constituting the adjacent f thih filin piezoelectric resdr^tors Befcbmes 
thih/ • the- Strength remarkably drops, arid the /handling J^comeS '%* , ■■ 
difficult. .For exanple, the portion unfavorably breaks during working 

5 such as dicing or during device assembly. The side wall portion 

between the adjacent via holes performs a function of supporting the 
piezoelectric laminated structure including the piezoelectric film 
formed on the upper surface of the substrate. When the ratio D1/D0 
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exceeds 0.5, the distance between the centers of. the electrically 
connected adjacent thin film piezoelectric resonators excessively 
broadens, the dimension (length) of the metal electrode connecting 
both the resonators to each other increases, and the electric 
resistance of the metal electrode excessively increases. When the 
electric resistance of the irtetal electrode increases, the insertion ' 
loss of the assembled thin film piezoelectric device increases, and 
the device cannot be practically used as a high-frequency circuit 
component such as a filter for a commuM cation apparatus. 

In the present invention, Dl is, for exanple, 25 tb 70 pm, . 
preferably 30. to 60 pin, and DO is, for example, 100 to 300 Mm, 
preferably i50 to 250 pm. When these dimensions are excessively small, 
the substrate portion (i.e., the side wall portion) between two via 
holes constituting the adjacent thin film piezoelectric resonators 
becomes thin, the strength remarkably drops, and the handling becomes 
difficult. On the other hand, when the dimensions are excessively 
large, the distance between the centers of the electrically connected 
adjacent thin, film piezoelectric resonators excessively broaden^, the 
dimension (length) of the metal electrode connecting both the 
resonators to each other increases, and the electric resistance of the 
metal electrode excessively increases. . '. -.- 

Moreover, . according to the present invent ibri> in -the thin '• 
film piezoelectric resonator constituted in th£ pbsition where the 
ratio bl /DO af the length Dl of the segjitent passing thrbiigh the 
support area in which the straight line exists between the diaphragm 
of the electrically connected adjacent thin filin piezoelectric 
resonators to the distance DO between the centers of the adjacent thin 
film piezoelectric resonators is 0.1 to 0,5, the planar shape of the 
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diaphragm, constituting the vibration portion of the thin film 
piezoelectric resonator is devised and optimized. Accordingly, the 
thin film piezoelectric device can be manufactured in which any extra 
spurious signal or noise does not enter a pass band and which has a 
low insertion loss and high characteristic and performance. Concrete 
examples of the preferable planar shape of the diaphragm include: a 
shape (quadrangle) having two pairs of opposite sides in such a manner 
that at least ohe paif of op^bsit'e sides afe formed tb b^ nbh— 
parallel; a polygonal shape including a noh-square irregular ' poiygbhal 
shape in at least a part , of the shape; a hbh- square irregular 
polygonal shape including a Curved portion in at least a part - of the 
shape and the like. When the symmetry of the plahai shape bf the 
diaphragm is lowered, any extra spurious signal or noise cannot enter 
the. desired pass band, and the performance of the thin film, 
piezoelectric device for use as the high-frequency circuit cbnpohent 
is enhanced. 

The thin film piezoelectric device of the present invention 
has a substrate having a plurality of vibration Spaces, and ; a 
piezoelectric laminated structure formed oh the substrate, and a 
plurality of thin film piezoelectric resonators are formed using the 
^ stibstrate . one CTib^^ ""V " . ' : 

a lower electrode-, a piezoelectric film, arid an Wppit £lebtf bdi^' ! - 
formed oh the substrate having a plurality of vibration spaces i , fh& 
upper electrc^e inay comprise two electrode portidhs. 

Moreover, in another embodiment of the thin' film 
piezoelectric resonator constituting the thin film piezoelectric 
device of the present invention, the piezoelectric laminated structure 
comprises a lower electrode, a piezoelectric film, an inner electrode, 
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a piezoelectric film, and an upper electrode stacked in order from the 
substrate side* 

In the present invention, . as the piezoelectric material for 
the thin film piezoelectric device, aluminum nitride (A1N) , aluminum 
5 nitride-gallium nitride based solid solution (M]^ x Ga x N) , zinc oxide 

(ZnO), lead titanate (PbTiC>3) , lead zirconate titanate (PZT(Pb(Zr, 

TDO3)) and the like are usable. Especially, A1N has a high 

propagation speed of an elastic wave, and is suitable as the 
piezoelectric material for a thin film "piezoelectric resonator and a 
.0 thin film filter operating in a high-frequency band region. 

To utilize the abbve-described features of the piezoelectric 
thin film, and inprove the terrperature stability of resonant frequency, 
it is effective to form a silicon oxide (Si0 2 ) layer as an insulating 

layer in the vibration portion. The vibration portion means a region 
5 in which at least two electrodes holding the piezoelectric film 

therebetween are superimposed in the diaphragm. Si0 2 has a positive 

temperature coefficient, and is capable of compensating for the 
temperature change of the resonant frequency of the piezoelectric 
material having a negative temperature coefficient. The insulating 
0 layer may be an Si (^single layer, or a corrposite layer containing 

Si0 2 and /silicon nitride (Si 3 N 4 or SiN x ) as a main component, ' As the 

insulating layer, an Si 3 N 4 single layer or ah SiN x single layer is 

usable. Furthermore, it is possible to use A1N for use as the 
material of the piezoelectric layer and as the material of the 
5 insulating layer. 
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Here/ to realize the superior resonance characteristics of 
the thin film piezoelectric resonator,, the thickness of the insulating 
layer is preferably set to a special fange. For exarr£>i£, assuming 
that the thickness of the piezoelectric thin film, containing A1N as 

5 the main coripbnent is t, and the thickness of the whole insulating 

layer containing silicon oxide as the inain coiponent is t', the effect 
is especially remarkable in a range satisfying 0.1 ^ t'/t'Sr 0.5, and 
the elfectrdrctechahical couplihg Coefficient, the acoustic quality 
factor, arid the teirperature stability of the resonant frequency are 

.0. all remarkably satisfactory. When t f /t < 0.1, the electromechanical 
coupling coefficient and the acoustic quality factor tends to be 
enhanced, but the: effect of improving, the temperature c±iaract eristic 
of the resonant frequency is reduced . When t'/t > 0.5, the 
electromechanical coupling coefficient and the acoustic quality factor 

.5 are impaired by the presence of the insulating layer. When the 

insulating layer is an SiC>2 layer, the piezoelectric thin film made of 

a material other than A1N is preferably used because the absolute 
value of the temperature coefficient of the resonant frequency is 
reduced, and the . characteristic of the FBAR is satisfactory. 
; 0 In the thin film piezoelectric resonator constituting the 

thin film piezoelectric device of the present invention, f 6t a puxpdsie' 
of improving the tenperature characteristic o£ the -resonant f re<jtiehc:y, 
as described ^bove, the insulating layer containing SiC>2 ' arid/or 

silicon nitride (Si3N4 or SiN x ) as the main component can be formed in 

5 the vibration portion. On the other hand, when the piezoelectric 

material having the satisfactory temperature stability of the resonant 
frequency is used, it is possible to eliminate all. the insulating 
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layers. That is, a constitution may be adopted in which the 
insulating layer containing SiC>2 as the main component exists only 

between the Support area of the piezoelectric laminated Structure and 
the support portion of the substrate, and the insulating layer dbes 
5 not exist in the diaphragm portion which is the vibration portion. 

The piezoelectric thin film made of aluminum nitride-gallium 
• nitride based solid solution (Al^^a^N) or 2inc Oxide (ZnO) for use 

as the piezoelectric materials for the thin film piezoelectric device 
indicates c-axis orientation, and a rocking curve half ; value width 
0 (FWHM) of a diffraction peak of a (0002) Surface measured by an X-ray 
? r ^t ioh method is preferably 3.0° or less. When thS- rocking curve 
half value width (FWHM) exceeds 3.0°, an electromechanical coupling 
coefficient K t 2 drops, the pass bandwidth necessary for forming 1 th£ 

device cannot be sufficiently taken, and the resonance characteristic 
5 is sometimes deteriorated.. 

As to lead titanate (PT <E»bTi0 3 ) ) and lead zircbnate titanate 

(PZT(Pb(Zr, TJJO3)-, there is little dependence of the device 

characteristic on the rocking curve half value width (FWHM) indicating 
orientation of Crystal . • . • . yv..^ .\ r . /; ;' V V/* ' 

0 ^ described above, - when the distance between the centers- of 

the elSctribally cotoected adjacent thin film pie zoel^ctric ; resohators 
is : shortened, the planar shape of the diaphragm is preferably 
optimised, . and a plurality of thin, film piezoelectric resonators 
having satisfactory resonance characteristic are Combined and 

5 integrated, the insertion loss caused by the conductor loss of the . 

metal electrode can be remarkably reduced. The high-performance thin 
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film piezoelectric device can be realized in which the 
electromechanical coupling coefficient (e.g., the electromechanical 
coupling coefficient K^ 2 obtained from the measured values of the 

resonant frequency and antiresonarit frequency in a range ' of 2,0. to 3/0 
5 GHz is more than 4.0%) and the acoustic quality factor (Q value) are 
large and whose insertion loss -is small and which is superior in gain 
arid band characteristic. The high-performance thin film piezoelectric 
device is usable as vari6us devices for a mobile cbmnrunicatibh 
apparatus • In the thin film piezoelectric resonator of the present 
0 invention, since the Vibration space is formed at the tapered angle or 
club-shaped angle, close to verticality toward the upper surface from 
the lower surf ace of the substrate by the deep graving type reactive 
ion etching (deep RIE) process, the thin film piezoelectric resonators 
can be disposed in the vicinity of each other, and the . above^described 
5 high-performance device can be provided. 

Brief Description of the Drawings: 

FIG.^lA^is a schematic plan view showing one embodiment of a 
thin film piezoelectric device according to the present invention; 
0 . FIG. IB ^ is a schematic sectional view along an X-X' line of 

■ FIG. 1A; . - • ' • ■.. ; . " -. rr.i:, ■ . 

FTG. V lC^ is a schematic s^etibhai vi&tf albri§ a Y-Y 1 line - of ■ ' 

, FIG. 1A; 

FIG._2A^is a schematic plan view showing another embodiment 
5 of the thin film piezoelectric device according to the present 
invention; 

FIG. 2B is a schematic sectional view along an X-X' line of 

FIG. 2A; 
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FIG. 2C is a schematic sectional view along a Y-Y' line of 

FIG. 2A; 

FIG. 3A is a schematic plan view showing still another 
embodiment of the thin film piezoelectric device according to the 
present invention; 

FTG.^3B^is a schematic sectional view along an X-X f line of 

FIG . 3A; 

FIG. 4A is a schematic plan view showing still iii^thbt 
eri±>odiinent of the thin film piezoelectric device according to the 
present invention; 

FIG. 4B is an explanatory diagram of a distance between ; 
centers of adjacent diaphragms in FIG. 4A; 

FIG. 5A is a schematic plan view showing still another 
embcHdirtieht of the thin film piezoelectric device according to the 
present invention; 

FIG. ^5B is an explanatory diagram of the distance between 
the centers of the adjacent diaphragms in FIG. 5A; 

FIG. 6A is a graph showing aii irr^dahoe frequency 
characteristic of the thin film piezoelectric device : of Exafr^le 6 ; 

FIG.^6BjLs a graph showing a filter pass band characteristic 
of the thin film piezbelectric device of Exai%>le 6;' - - 
/ ^ 

characteristic of - the thiri film piezbel6c±ric d^ice -of Bxai^le 13; 

• ; FIG.^TEJ-s a graph showing the filter pa^s'baiid - 
characteristic of the thin fiim piezoelectric device of Example 13; 

FIG. r .^8A^jLs a schematic plan view showing one reference 
example of the thin film piezoelectric device; 

FlG^JJB^is a schematic sectional view along an X-X 1 line of 
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FIG. 8A; . 

FICj. 9 is a schematic sectional plan view showing still, 
another eirtoodiment of the thin film piezoelectric device according to 
the present invention; and 
5 FIG. 10 is a block diagram showing a constitution of a 

• duplexer according to the present invention. 

Best Mode for eajfcryiftg otit the Inveiition: 

iMx^dintents of a thin film piezoelectric resdhator, a thin 
.0 film piezoelectric device, and a method of manuf acturihcj thd device 

will be described hereinafter in detail with reference to the drawings, . 

First, a thin film piezoelectric device for r^fer^ will 
be described before description of the ^mbodimehts -of the present ' 
invention. 

-5 FIG- 8A is a schematic plan "view showirig one -iref ererice 

example ; of the thin film piezoelectric device, and FIG. 8B is an X-X' 
schematic sectional view. In these figures, a thin film piezoelectric 
device 100 is prepared by combining an FBAR 110, an FBAR 120, an FEAR 
130, and ah. FBAR 140. The FBAR 120 has a substrate 12 , ^-insulating 

:0 layer 13 formed, on the upper surf ace of the substrate 12, and a 

piezoelectric laminated structure 14 prepared on the upper surface -of 
the insulating layer 13. The pie£delectri£ lamLriated structure' 14^ , " 
cbnprises : a lower electrode 15 formed 6n the upper surface of the 
insulating ; layer 13> a piezoelectric film 16 formed, oh the upper: 

5 surface of -the insulating layer 13 which is a substrate film in such a 
manner' as. to- coat, the: lower electrode 15, and an upper electrode 17 
formed on the upper surface of the piezoelectric film 16, The 
substrate 12 is provided with via holes 22 forming gaps. A part of 
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the insulating layer 13 is exposed toward the via hole 22, to exposed 
portion of 'the insulating layer 13 and a portion of the piezoelectric 
laminated structure 14 existing in a corresponding position constitute 
a diaphragm 23 forming a vibration portion. The lower electrode 15 
and the upper electrode 17 have main body portions 15a, 17a "forzbed in 
an area corresponding to the diaphragm 23, and texminal portions 15b, 
17b for connection of the main body portions. 15a, 17a to the other ' 
FBAR or ah external circuit . The terminal pbrtiohs 15b/ i"7b ext^hd'tb 
the outside of the area corresponding to the diaphragm 23, The FBAk 
110, FBAR 130, and FBSr' 140 are also similarly constituted. 

In this reference exanple, for example, When the substrate »*- 
12 is itocte of silicon, a part of the silicon substrate ds : etched and . 
removed from the lower surface using a heated KOH aqueous solution to 
thereby form the via holes 22. However, when wet etching is' performed, 
using alkali such as KDH/ the etching proceeds at a "tilt '3f 54; 7 
degrees with respect to a (100) silicon substrate surface- because the 
etching proceeds in parallel with a (111) surface, and a distance, 
between the diaphragms of the adjacent resonators becomes remarkably - 
large, For exaiqple, the diaphragm 23 having, a planar dimension of 150 
proxlSO pm, constituted on the upper surface of a silicon wafer with a 
thickness of 300 pin, retires a lower siirface side etching opening 24 
of abb^ v Si^^^ 

of the ad j^c^t v resonators is 575 m dr ; itofcg/ 'That is/ a dimeh^ibri "of 
the support area of the piezoelectiric laminated structure existing 
between electrically connected adjacent thin film piezoelectric 
resonators is a long distance of about 0.74 times or moire the distance 
between the centers of the diaphragms of the adjacent thin film 
piezoelectric resonators. 
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Therefore, high-density integration of the FBAR resonator is 
hindered. Moreover, when the adjacent resonators are! electrically 
connected to each other by metal electrodes (lower electrode 15 and 
upper electrode 17) holding the piezoelectric film 16 therebetween, 

5 . electric resistance of the metal electrode increases- Therefore, 
there is caused a problem that insertion loss of the thin film 
piezoelectric device 100 prepared by combining the FBAR resonators lib, 
120, 130, and 140 is remarkably large* 

Oh the other hand, one embodiment of a' thin film 

.0 piezoelectric device according to the present invention has a 

constitution Shown in FIGS . 1A to 1G . FIG, 1 1A is a schematic plan 
view ^showing the thin film piezoelectric device of the pfeseilt •.. 
er±>odiment, FIG. IB is an X-X 1 schematic sectional vi&w, arid FIG; 1C 
is a-Y*Y r schematic sectional- view. - In these figures, -a thin; film 

.5 piezoelectric device 200 is prepared by combining ah FBfik 210, an FBAR 
220/ an FBAR 230, and an FBAR 240. The FBAR 220 has a substrate 12, 
ah insulating layer 13 formed on the upper surface of the substrate 12, 
and a piezoelectric laminated structure 14 prepared on the upper 
surface of the insulating layer 13, The piezoelectric laminated 

:0 structure -14 comprises a lower electrode 15 formed on the upper 

Surface of the' insulating, layer 13, a piezoelectric film 16 f drmed dh 
the ijpper^ surface ; of the insulating layer 13 in such a n^inrier'as to 
coat^the: low^r electrode v 15, and ah upper electrode 17 f bntiid- bn the' 
upper surface of the piezoelectric film 16. The .substrate 12 is'- : : 

:5 provided with via holes 22 forming gaps. A part of the insulating 

layer 13 is exposed toward the via hole 22. An exposed portion of the 
insulating layer 13 and a portion of the piezoelectric laminated- 
structure .14 existing in a corresponding position constitute a . 



diaphragm 23 including a vibration portion. The lower electrode 15 
and this upper electrode 17 have main. body portions 15a, 17a formed in 
an area corresponding to the diaphragm 23, and terminal portions 15b, 
17b for connection of ' the main body portions 15a, i7a to the other 
FBAR or ah external circuit . the terminal portions 15b, 17b extend to 
the outside of the area corresponding to the diaphragm 23. The FBAR 
210> FBAR 230, and FE^ 240 are also similarly constituted. 

In the present embo^iicnent, by application of a deep RIE" 
process, the side wall surface of the via hole 22 is formed from one 
surface (e.g., the lower surface) of the substrate 12 to the opposite 
surface (e.g. , the upper surface) at a tapered angle or club-shaped 
angle close to verticality* Thus, the via hole 22 is foiitiid; with a- 
small difference between the dimension of the diaphragm 23 which 
corresponds to a portion of the lower electrode 15 6r the ihsiilating 
layer 13 facing the via hole 22 constituting a vibration space arid 
that of an etching opening 24 of a lower surface of the . substrate, and 
therefore adjacent thin film piezoelectric resonators can be brought 
close to each other and disposed. Therefore/ in a straight; lirie (X^X' 
line in FIG. 1A) passing through centers (two-diiherisibnal ^ ^bxnetrid^ . 
gravity centers) 1 and 2 in a plane parallel to the substrate surfaces 
of the diaphragms 23 of the electrically connected adjacent thin- film 
piezoelectric resonators 210 and 220; a ratio Dl/t)0 can be reduced; 
where Dl is a length of a segment passing through the support area, bf 
th£ piezoelectric laminated structure on .thei straight line existing; 
between the adjacent thin film piezoelectric resbriatbrs and DO is a 
distance between the diaphragm centers of the adjacent thin "film" 
piezoelectric resonators (see FIGS. 1A and IB). • The thin film 
piezoelectric resonators 210, 220 are electrically connected . to each 



other via the lower electrode 15. The electrically c6ririected adjacent 
thin film piezoelectric resonators 210 and 230 also have a similar * - 
relation, t The electrically connected adjacent thin film piezoelectric 
resonators 220 and 240 also have a similar relation, and iri this case, 
the electric connection is performed via the Upper Electrode 17. ' 

The thirl film piezoelectric device of the present embodiment 
is a thin f iM piezoelectric filter constituted by a ladder type 
circuit in Which the thin film piezoelectric, resonator 210 is \: 

connected in series to the thin film piezoelectric resohatbr 220 , and 

... ■ 

the thin film piezoelectric resoh&tbrs 230 arid 240 are 
brahch^/cohhect'ed to the resonators 210, "220, respectively: 

FIGS . 2A to 2C show another ertibcxiiinent of the thin f iliri. ' 
piezoelectric device -according to the present invention. FIG. 2Ais- a 
schematic plan view showing the thin film piezoelectric device Of the 
present embb<±Liifeht , FIG. 2B is an X^X' schematic sectional vieW> arid 
FIG. 2C is a Y-Y' schematic sectional view. iri these figures / member^ 
having functions similar to thosfe iri FIGS, to 1C described above 
are denoted with the same reference numerals. 

• A thin- film, piezoelectric device 200 is prepared -by 
combining ah FBAR 210, an FBAR 220, an FBAR 230, and an FBAR 240. The 
•EBAR~v220 h 

. an insulating layer 13 fbnrfed oh the XX&per stifface 64 the substrate 12, 
and a piezoelectric laminated structure ■■ 14 prepared on the ■■ upp&r 
surface of the insulating layer 13 iri such a mariner as t6 { -be feridgbd- 
across the via hole 22. In the present embodiment, the- insulating 
layer 13 exists in portions (support portions for the piezoelectric 
laminated structure 14) other than the via holes 22 in the upper 
surface - of the substrate 12, and the insulating layer 13 intervenes 



between the support area of the piezoelectric laminated structure 14 
and the support portion of the substrate* 

Sinoe the insulating layer 13 does not exist in the portion 
of the diaphragm 23 facing the via hole 22 > an electromechanical 
coupling coefficient increases, and a bandwidth broadens. The 
piezoelectric laminated structure 14 comprises a lower electrode 15 a 
p&ft of which contacts the upper surface of the insulating layer 13, a 
piezoelectric film 16 formed on the upper surface 6f the insulating 
layer 13 in such a manner as to coat the lower electrdde 15> and an 
upper electrode 17 formed oil the upper surface of the piezoelectric 
film 16. A part of the lower electrode 15 is exposed toward the :via 
hole 22 without disposing the insulating layer 13. i\h exposed portion 
of the lower -electrode 15 and a portion of the piezofelebtrie laminated 
Structure 14 existing in a corresponding position constitute a 
diaphragm. 23 including a vibration portion, The IdWer electrode 15 
and the . upper electrode 17 have main body portions* 15a, 17a formed . in 
an area corresponding to the diaphragm 23, and terminal portions 15b, 
17b for connection of the main body portions 15a, 17a to the other 
FBAR or an external circuit. The terminal portions 15b, 17b extend to 
the outside of the area corresponding to the diaphragm 23. The FBAR 
210, FBAR 230, -and; FBAR 240 aire also ^i^ : ;- . 

Also in the present embcKdiment, in the same m^hrier as in the 
CTibodlJinent 6f FIGS. 1A to 1C, the adjacent thin film pieidelectrid *** 
resonators eaii: be brought cioSe to each- oth^r ahd disposed. Therefore, 
in a straight • iin6 (X-X 1 line in FIG. 2A) passing through centers- 3" 
(two-dimensional geometric gravity centers) 1 arid - 2 of the diaphragms 
23 of the electrically connected adjacent thin film piezoelectric 
resonators 210 and 220, a ratio D1/D0 can be reduced, where Dl is a 



length of a segment passing through the support area of the 
piezoelectric laminated structure on the straight line existing 
between the diaphragms 23 of the adjacent thin film piezoelectric 
resonators and DO is a distance between the diaphragm centers of the 
adjacent thin film piezoelectric resonators (see £TGS. 2A and 2B) «, 
The thiii film piezoelectric resonators 210, 220 are electrically 
connected to each other via the lower electrode 15. The electrically 
connected adjacent thin film piezoelectric resbhktprs . 210. and 230 also 
have a similar relation. The electrically connected adjacent thin 
film piezoelectric resonators 220 and 240 also have a similar relation, 
and in this case/ the electric connection is performed via; -the upper 
electrode - 17 . . ••' 

The thin film piezoelectric device of the present ^Hnbodir^ht 
is a thin film piezoelectric filter constituted by a ladder type 
circuit in which the thin film piezoelectric resbhatbr 210 isi '• : .' 
connected in series to the thin film piezoelectric resonator 220, and 
the thin film piezoelectric resonators 230 and 240 are 
branched/connected to the resonators- 210, 220, respectively. . 

. FIGS. 3A and 3B show still another embodiment of the thin 
film piezoelectric device according to the present invention. FIG. 3A 
is a scheririatic plan view showing the 'thin filiu->p£^g'bel^ctric -^vi'q&^of 
the present embodiment, and FIG. 3B is an X-XV sdhematdc : ^ctlohal < 
view. Also in these figures, members having functions V similar 
those in FIGS . 1& to 2C described above are : denoted with the sairfe : 
reference numerals . ; . ' .;■ 

A thin film piezoelectric device 200 is prepared by ... 
combining an FBAR 210, an FEAR 220, an FBAR 230, an FBAR 240, and an 
FBAR 250. The FBAR. 220 has a substrate 12, an insulating layer 13 
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formed on the upper surface of the substrate 12, and k piezoelectric 
laminated structure 14 prepared on the upper surface Of ' the insulating 
layer 13. The piezoelectric laminated structure 14 comprises a lower 
electrode 15 formed on the upper surface of the insulating layer 13, a 
piezoelectric film 16 formed on the upper surface of the insulating 
layer 13 in such a mariner as to coat the lower electrode 15, and an 
upper electrode 17 formed on the upper sufface of: the piezoelectric 
film 16. The substrate 12 is provided with via hbles 22 fbrmiii^ gSp^; ■ 
A part of the insulating layer 13 is exposed toward the c vi£ hole 22, 
An exposed portion of the insulating layer 13 arid \k petition of the 
piezoelectric • laminated structure 14 Existing in a : correspdhdihg . 
position Constitute a diaphragm 23 including a vibration portion. Th£ 
lower electrode 15 has a main body portion 15a formed in ah area 
corresponding to the diaphragm 23, and a terminal portion 15b for 
Connection to the other FBAR or an external circuit- The teminal 
portion 15b extends to. the outside of the area corresponding to the 
diaphragm 23. In the present embodiment, the upper electrode 17 has a 
first electrode portion 17A and a second electrode portion 17B ♦ These 
electrode portions. 1?A> 17B have main body portions 17Aa, 17Ba, arid 
terminal portions l7Ab, 17Bb. The main body portions 17Aa, 17Ba are 
positioned in the area corresponding to the diaphragm 23, arid the 
terminal portions 17Ab, 17Bb for the ConneCtibh of the m^iii^bdy 
portion^ 17Aa, 17Ba to the other FBAR or the extei^l circuit extend 
to the but side of the area corresponding to the diaphragm 23. 

The FBAR 220 comprising the upper electrode including : two 
electrode portions shown in the embodiment of FIGS. 3A arid 3B is 
referred to as a multiplex mode resonator. An input voltage is 
applied between one electrode portion (e.g., the .second electrode . 
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portion 17B) of the upper electrode 17 and the lower electrode 15, and 
the voltage between the other electrode portion (e.g.* the first 
electrode portion 17A) of the upper electrode 17 and the lower , 
electrode 15 can propagate as ah output voltage to the adjacent FBAR 
210. Therefore, the FBAR 220 itself develops the. function of a filter. 
When the filter having this constitution is used as a constituting 
element of a band pass filter, a wire-bonding in an element can be 
omitted, therefore there is not any loss caused by the wire^bohding, 
attenuation characteristic of a blocking band becomes* satisfactory, 
and frequency response is enhanced. This also applies to the FBAR 210. 

Also, in the present, embddimertt, : in the same manner as in the 
embodiiiifeht of FIGS . 1A to 1C, the adjacent thin film piezoelectric 
resonators can be brought close to each, other and disposed. Therefore, 
in a straight line (X-X» line in FIG, 3A) passing through centers 
(two-dimensional geometric gravity- Centers) 1 and 2 of the diaphragms 
23 of the electrically connected adjacent thin film piezoelectric 
resonators 210 and 220, a ratio D1/D0 can.be reduced; where Dl is a 
length of a segment passing through the support area of the 
piezoelectric laminated structure oh the straight line existing 
between the diaphragms 23 of the adjacent thin film piezoelectric 
resonators and DO is a distance between the diaphragnt ^cent^rs;;of the^ ' ; 
adj acerit* thin fiOia piezoelectric resonators (see FIGS . 3A and 3B) . 
This also applies to a relation. between the electrically Connected 
adjacent thih film piezoelectric resonators 210 and 240, and that 
between the electrically connected adjacent thin film piezoelectric 
resonators 220 and 240. This also applies to a relation between the 
electrically connected adjacent thin film piezoelectric resonators 210 
and 230, and that between the electrically connected adjacent thin 
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film piezoelectric resonators 220 and 250. ih these case's > the 
electric connection is perforrned via the lower electrode 15. 

The thin film piezoelectric device of the present embodiinent 
is a thin film piezoelectric filter constituted by a ladder type 
cirbuit in which the thin film piezoelectric resonators 210, 220 are 
connected in series to each other, arid these resonators ate 
branched/connected to the thin film piezoelectric r&sonatbrs 230 > 246, 
and 250. 

. As the substrate 12 of the thin film' piezoelectric device of 
the pfesefrt inv^ation, a SCTiicbhductor single crystal such as a 
silicon (100). single crystal, or a polycrystal film £ti£h as diamond 
formed on the substrate surface of a silicon Wafer or the like is 
usable . As . the- substrate 12, another semiconductor or insulating - 
substrate may be used. 

In the present invention, a substrate portion disposed • urider 
the portion constituting the diaphragitt constituting the vibration 
portion is anisotropically removed by a deep gravihg type reactive - ion 
etching {deep RiE) process which is deep trench etching utilizing 
plasma to fabricate the via hole 22 in the substrate 12. For ^fekampl^/ 
when the substrate is. made of silicon, an SF 6 gas and a C4F8 gas are 

alternately introduced into an etching equipfeerit to Repeat th^ ^tchihg 
and the formation of a side wall protective film. Accordingly, an 
etching speed ratio of the side wall surface to the bottom surface is 
cbritrbiied, arid a deep via hole having a prismatic or columnar sside 
wall surface is vertically formed at the etching speed of several 
micrometers per minute. Therefore, planar shape and dimension of the 
diaphragm 23 are substantially equal to. those of an opening 24 in the 
lower surface of the substrate, and the diaphragms 23 of the adjacent 
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resonators can be remarkably brought close to each other/ For exaniple, 
when the diaphragm 23 having a transverse dimension of about 150 
pmxl50 Mm is formed while forming the lindersurf ace-side etching 
opening 24 having the equal dimension, the distance between the 
diaphragm centers of the" adjacent resonators can be Set to a value 
around 180 pm. 

Accordingly/ the Ebar resonators can be integrated With high 
density, and the insertion loss of the - thin film piezoelectric device 
200 prepared by cdmbining the FBAR resonators 210, 220, 230, 240, 
further 250 can be remarkably reduced, because the electric resistance 
of the metal electrode is reduced in electrically connecting the 
adjacent resonators to each other using the metal electrodes (lower 
electrode 15 and upper electrode 17) holding the piezoelectric film 16 
therebetween. It is to be noted that the gap formed in the' substrate 
12 is not limited to the gap by the via hole 22, and may have another 
configuration as long as the vibration of the diaphragm 23 
constituting the vibration portion is allowed. 

As the insulating layer 13, a dielectric film containing . 
silicon oxide (Si0 2 ) or silicon nitride (Si 3 N 4 or SiN x ) as a main 

component is usable. As to the material of this insulating layer 13/ 
zhe fiiaih conpbheiit indicates a tne " ... 

dielectric film is 50% or more by equivalent ratio. iKe dielectric" ' 
film may comprise a single layer, or a plurality of layers in which 
layers (adhesive layers) for enhancing adhesion is included, Ebcamples 
of the dielectric film comprising a plurality of layers include 
lamination of the above-described silicon oxide (SiC>2) layer and the 

silicon nitride (Si 3 N 4 or SiN x ) layer, The insulating layer 13 has a 



thickness of, for example, 0.2 to 1*0 pnu Exaicpies of a method of 
forming the insulating layer 13 include a method of thermally 
oxidizing the surface of the substrate 12 made of silicon, and a 
chemical vapor deposition (CVD) method. Furthermore, the dielectric 
film existing in the diaphragm portion may be completely removed. 

As the lower electrode 15 and the upper eleetrbde 17, a 
conductive filrrt of molybdenum (Mb) > tuhcrst^n (W) , platinum (Ft) > gold 
(Au) or the like is usable. Ho has a low thermal elastic; Ibss . whic:h 
is about 1/56 of that of Al, arid is therefore preferable especially 
for constituting the vibration portion which vibirates at a high ' 
frequency. -It is also possible to use. an alloy containing Mo or W as 
the main cortponeht (pre f erably the' content is 80 atomic % or more) , in 
addition to the case where- Mo alorie or W alone is used. The .elect rbde 
may be used, in which Mo, W, Pt, or Ail is laminated with the substrate 
layer (adhesive layer) for enhancing the adhesion of titanium (Ti>, 
zirconium (Zr) - r chromium (Cr) or the like. For example, a Mo/ti 
laminated film, a W/Ti laminated film, a Mo/Zr laminated film,, a Pt/Ti 
laminated: film, an Au/Ti laminated film, ah Au/Cr laminated -filfii or 
the like is usable. The thickness of the lower . electrode IS or the 
upper electrode 17 is, for example, 50 to 250 nrh. Exarrples of a 
method of forming the lower electrode 15 and the upp^f elect£c*te il^ 
include a sputtering^method or vacutim evaporation ifiethod: <EhiiH^2afi5re 
a photoiitho^aphy techn is applied for forming a -patt^irn « into^a-- 
desired shape if necessary. • - 

The piezoelectric film 16 is constituted of a piezoelectric 
film containing a piezoelectric material selected from an aluminum 
nitride (A1N) , an aluminum nitride-gallium nitride based solid 
solution (Al!_ x Ga x N (0 < x < 1)), zinc oxide (ZnO) , lead titanate . 



-36 - 



(PT(PbTi0 3 ) j, lead zircbhate titanate (P ZT (Pb(Zr, TDO3)) and the like 

as the main exponent. The piezoelectric thin film made bf aluminum 
nitride-gallium nitride based solid solution (Al^^N) and zinc 

oxide (ZnO) indicates a c-axis orientation, and a rocking curve half 
value width (FWHM) of a (0002) surface measured by an X-ray 
diffraction method is narrow. When the rocking curve half value width 
(FWHM) increases > and the orientation drops, an electfomechanical 
coupling coefficient drops, ; there is a tendency that a pass 

bandwidth necessary fcr forming the device cannot be taken> and ' 
resonance characteristic tends to be deteriorated. Ohe thickness of 
the piezoelectric film 16 is, for example, 6.5 to 2.5 Um. Examples of 
a method of depositing the piezoelectric film 16 include a reactive 
sputtering method,-- and further a photolithography technique for 
forming the pattern into the desired shape is applied if necessary. ' 

FIG. 4A is a schematic plan view showing still another 
embodiment of the thin film piezoelectric device according to the 
present invention, and FIG. 4B is an explanatory diagram showing each 
distance between diaphragms. Also in these figures, members having 
functions similar to those in FIGS. 1A to 3B described above are 
denoted with the same reference numerals. A thin film piezoelectric 
device 200 of FIGS. 4A and 4B is prepared by ccmbiriing ah FEAR 210,- an 
FBAR 220, an FBAR 230, an FEAR 240, and an FBAR 250. 

• • : In the present invention, in a Straight line connected to 
centers (i.e., centers 1 to 5 of the diaphragm) of the electrically 
connected adjacent thin film piezoelectric resonators, a ratio D1/D0 
is 0.1 to 0.5, where Dl is a length of a segment passing through the 
support area of the piezoelectric laminated structure on the straight 
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line existing between the adjacent thin film piezoelectric resonators 
and DO is a distance between the centers of the adjacent thin film 
piezoelectric resonators. A plurality of thin film piezoelectric 
resonators are arrangement in such positions, and formed into a device. 

5 In the thin film piezoelectric device 200 of FIGS. 4A and 4B, as to 
the straight line connected to the centers of the adjacent thin film 
piezoelectric resonators, assuming that the lengths of the segments 
passing through the diaphragms of the adjacent thin film piezoelectric 
resonators are D2, 03, and the length of the segment passing through 

.0 the support area existing between the adjacent thin film piezoelectric 
resonatbrs is bl, as shown in FIG. 4B, the distance DO between the 
centers of the adjacent thin film piezoelectric resonatbrs is 
represented by: : 

DO = D1+D2+D3. 

5 FIG. 5A is a schematic plan view showing still another 

embodiment of the thin film piezoelectric device according to the 
present invention, and FIG. 5B is an explanatory diagram showing each 
distance between diaphragms. Also in these figures, members having 
functions similar to those in FIGS. 1A to 4B described above are . 

0 denoted with the same reference numerals. A thin film piezoelectric 

device 200 of FIGS. 5A and 5B is prepared by c6iribihing : ah FEAR .210, an 
FEAR 220, an FBM 230, and an FBAR 240. ;•;•<;. 

; In the thin film piezoelectric resonator of the present 
invention, the planar shape of the diaphragm constituting the 

5 vibration portion is devised and optimized. Accordingly, the thin 

film piezoelectric device is manufactured in which any extra spurious 
signal or noise does, not enter a pass band and which has a low 
insertion loss and high characteristic and performance. Concrete 
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examples of, the preferable planar shape of the diaphragm include: a 
shape (quadrangle) having two pairs of opposite sides in such a. manner 
that at least one pair of opposite sides are formed to be non- 
parallel ; a polygonal shape including a non-square irregular polygonal 
shape in at least a part of the shape; a non-square irregular 
polygonal shape including a curved portion in at least a part of the 
shape and the like , The thin film piezoelectric device 200 of FIGS . 
5A and 5B show an example of the quadrangle whose two pairs of 
opposite sides are both formed to be non-parallel. Also in the thin 
film piezoelectric device 200 of these figures, as to the straight 
line connected to the centers of the adjacent thin film piezoelectric 
resonators, assuming that the lengths of the segments passing through 
the diaphragms of the adjacent thin film piezoelectric resonators are 
D2, D3, and the length of the segment passing through the support area 
existing between the adjacent thin film piezoelectric resonators is Dl, 
as shown in FIG. 5B, the distance DO between the centers of the 
adjacent thin film piezoelectric resonators is represented by: 
DO - D1+D2+D3. 

in the embodiment of the thin film piezoelectric device 
shown in FIGS. 4A and 4B and. FIGS. 5A and 5B, the FBAR 220 has a 
piezoelectric laminated structure 14 prepared on the'. upper surface of 
the substrate. The piezoelectric laminated structure 14 comprises a 
lower electrode 15 formed on the upper surface of the insulating layer, 
a piezoelectric film 16 formed on the upper surface of the insulating 
layer in such a manner as to coat the lower electrode 15, and an upper 
electrode 17 formed on the upper surface of the piezoelectric film 16. 
The lower electrode 15 and the upper electrode 17 have main body 
portions 15a, 17a formed in an area corresponding to the diaphragm 23, 
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and terminal portions 15b, 17b for connection of the main body . 
portions 15a, 17a to the other FBAR or an external circuit. The 
terminal portions 15b, 17b extend to the outside of the" area 
corresponding to the diaphragm, this also applies to constitutions of 
the FBAR 210, FBAR 230, FBAR. 240, and FBAR 250. 

In the FBAR 210, FBAR 220, FBAR 230, and FBAR 240 shown in 
FIGS. 5A and 5B, the diaphragm constituting the vibration portion is 
formed in such a manner that the planar shape is a quadrangle whose . 
two pairs of opposite sides are both non-parallel, and. symmetry, of the 
diaphragm is lowered. Accordingly, any extra spurious sighai or noise 
cannot : enter the desired pass band, and the performance of the thin 
film piezoelectric device for use as a high-frequency circuit 
component is enhanced. 

. FIG; 9 is a schematic sectional plan view -showing still 
another embodiment of the thin film piezoelectric device according to 
the present invention. Also in these figures, members having 
functions similar to those in FIGS. 1A to 5B described above are 
denoted with the same reference numerals. . .. 

The present embodiment has SBARs 210' and 220' each 
comprising a piezoelectric laminated, structure corresponding to two •= 
laminated piezoelectric laminated Structures described in the above 
embodiments. That is, a lower electrode 15, a first piezoelectric 
film 16-1, inner electrodes 17', a second piezoelectric film : 16^-2, and ' 
upper electrodes 18 are stacked in this order - ; bri ; an ihsuiatiii^ layer 
13. The inner electrode 17' has a function of an upper .electrode with 
respect to the first piezoelectric film 16-1, and a function of a 
lower electrode with respect to the second piezoelectric film 16-2. 
In the present embodiment, in each SBAR, an input voltage is applied 



- 40 - 



between the lower electrode 15 or the upper electrode 18 and the inner 
electrode 17' , a voltage between the upper electrode 18 or the lower 
electrode 15 and the inner electrode 17' can be taken out as an output 
voltage, and this can be used as a multipolar filter. 

SBARs 210', 220' are electrically connected to each Other 
via the lower electrode 15. The SBARs 210 », 220' may be electrically 
connected to each other Via the upper electrode 18 or the inner 
electrode 17'. 

Also in the present errbcdiment, a plurality of SfiARs are 
arranged in positions where a ratio D1/D0 of a length Dl of a segment 
passing through a support area of a piezoelectric laminated structure 
in which a straight line exists between adjacent -SBARs to a distance 
DO between centers of the adjacent SBARs is 0.1 to 0.5 in the straight 
line connected to the centers of diaphragms 23 of electrically 
connected adjacent SBARs. 

In each thin film piezoelectric resonator constituting the 
above-described thin film piezoelectric device/ a resonant frequency 
fr and an antiresonant frequency fa in an irrpedance characteristic 
measured using a microwave prober, and an electromechanical coupling 
coefficient K t 2 have the following relations: 

kt-2 .= <j>r/Tan (4>r ) ; and . ' ' ' .'\'"' ' ! A;:~'V ' 



; <|>r = (71/2) (fr/fa), where <|>r indicates a .change 6f a phase, of 
a complex impedance. 

For the sake of simplicity, the electromechanical coupling 
coefficient K t 2 calculated from the following equation is usable: 

K t 2 = 4 . 8 (f a-fr) / (f a+f r) . 
In the present description, a numeric value of the electromechanical 



coupling coefficient K fc 2 calculated using this equation is adopted. • 

The present inventors have studied dependence of the 
characteristics and performances of the thin film piezoelectric 
devices constituted as shown in FIGS. 1A to. 1C, 2A to 2C, 3A and 3B, 
4A and 4B, 5A and 5B, and 9 on structures and arrangements of FBARs, 
SBARs constituting the thin film piezoelectric devices. As a result, 
it has been found that the distance between the diaphragm centers of 
the electrically Connected adjacent thin film piezoelectric resonators 
is shortened, preferably the planar shape of the diaphragm is 
optimized, accordingly the insertion loss attributable to the 
conductor loss of the metal electrode can be remarkably reduced, a 
plurality of thin film piezoelectric resonators having satisfactory 
resonance characteristics are integrated with high density, and a 
high-performance thin film piezoelectric device superior in gain and" 
band characteristic can be realized. 

In the thin film piezoelectric device of the present 
invention, the electromechanical coupling coefficient K fc 2 obtained 

from the measured values of the resonant frequency and the 
antiresonant frequency in the vicinity of 2.0 GHz is preferably more 
tI f n ^ i0% ' ^ el^rotiiechanical coupling coefficient is less 

:than .4. 0%, the bandwidth of the I prepared thin ^lm piezoelectric . 
filter is reduced, and it tends to be difficult to practically tie the 
device as a filter for use in a high frequency band. " The insertion 
loss is preferably 3.0 dB or less. When the insertion loss exceeds 
3.0 dB, the filter characteristic is remarkably deteriorated, and it 
tends to be difficult to practically use the device as the filter for 
use in the high frequency band. 
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Examples: 

The present invention will be described hereinafter in more 
detail in accordance with examples and comparative examples. 
[Example 1] 

In the present example, a thin film piezoelectric filter 
shown in FIGS. 2A to 2C was prepared as follows. 

That is, the upper surface of a (100) si substrate 12 having 
a thickness of 250 pm. was patterned and etched into a desired shape by 
photolithography, so that a depression was disposed in periphery 
thereof in such a manner that a flat base having a nearly rectangular 
shape with a height of 3.0 m and a planar dimension of about 140 x 
160 urn was left. It is to be noted that the' base was formed in a 
position corresponding to a diaphragm of an resonator to be formed. 
After forming Si02 layers each having a thickness of 1.0 pm on 

opposite upper /lower surfaces of a substrate by a thermal oxidation 
method, an Si0 2 layer having a thickness of 3.5 pm was deposited on 

the upper surface of the substrate at 450°C by a thermal CVD method 
using tetraethoxy silane (Si(0 (C 2 H 5 ) 4 > in a raw material, and annealed 

at ; 1000°C/ Next, the Si0 2 , layer oh tte^ the substrate 

'•WW* pblished;by^a chemical mechanical ; polishing (C^> process" using a ' 
slurry containing fine polishing particles/ iah Si0 2 layer was V 

completely removed from a region except a portion whose depression was 
filled with the Si0 2 layer, and a surface state was obtained in which 

an Si substrate portion having the flat base shape was exposed to the 
outside. An RMS roughness of a height of the polished surface was 10 
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nm. After the exposed portion of the Si Substrate was etched/removed 
by a depth of about 0.3 Mm using the SiCfc layer exposed to the surface 

as a Mask, a fi metal layer (adhesive layer) and a Mo metal layer 
{main electrode layer) were deposited in this order by a DC magnetron 
sputtering method, and a lower electrode film containing jfo having a 
material and a thickness described in fable 1 as amain material was 
formed. The lower electrode film Was patterned into a desired shape 
by photolithography, and a Md/Ti lower electrode 15 was formed. A 
main body portion 15a of the lower electrode 15 of each FBAR Was 
formed into a nearly rectangular shape whose each side was larger than 
that of the diaphragm having a planar dimension of 140 \* 160 pm by 
about 15 urn. It was confirmed by X-ray diffraction measurement that 
the Mo metal layer constituting the lower electrode 15 was a (110 ) 
oriented film, that is, a single orientation film. An A1N 
piezoelectric thin film having a thickness described in fable 2 was 
deposited on the substrate 12 on which the Mb/fi lower electrode 15 
was deposited on conditions described in Table i by a reactive RF - 
magnetron sputtering method using metal Al having a purity of 5N as a 
target. The A1N film was patterned into a specific shape by wet 
etching using hot phosphoric acid, and an A1N piezoelectric film 16 
was formed. Thereafter; as shown in FIGS . 2A to 2cV an upfJer- 
electrode 17 was deposited. using the DC magnetron sputtering, method 
and a- lift-off process -for patterning/ in which the thickness %as 
0,186 -jim for, a series circuit and 0.209 pm for 5a sh^ a 
main body portion 17a had a nearly rectangular shape whose each side 
was smaller than that of the diaphragm by about 5 Mm. The main body 
portion 17a of the upper electrode 17 was disposed in a position 
corresponding to the lower electrode main body portion 15a- 
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The Si0 2 layer on the lower surface of the substrate 12 on 

which a piezoelectric laminated structure 14 was formed as described 
above was patterned into a predetermined shape in accordance with the 
SiG> 2 mask oh the upper surface by the photolithography. Furthermore, 

a micro machine working photo resist (NANO SU-8 negative resist 
manufactured by MicroChem Corp.) was applied, and a resist mask having 
the same shape as that of the lower-surface Si0 2 mask was formed By 

the photolithography. The substrate 12 oh which the mask was formed \ 
wa 5 charged into a dry etching equipment having a deep graving type 
reactive ion etching (deep RIB) Specification, and an SF 6 gas and a 

C 4 F 8 gas were alternately introduced into the equipment to repeat the 

etching and formation of a side wall protective film. An etching 
speed ratio of a side wall surface to a bottom surface was controlled, 
and the etching was continued at a speed of several micrometers per 
minute. Accordingly, the etching Was performed until the lower 
electrode 15 was exposed to a via hole 22, and the deep prismatic via 
hole 22 whose side wall surface was vertically disposed was prepared. 
As a result, it was possible to form the diaphragm 23 into a planar 
shape and a dimension substantially equal to those of an opening. 24 in 
the lower surface of the substrate. A value of a ratio D1/D0 of a' 
length Dl of a segment passing through a support are"a of the * " 
piezoelectric laminated structure in which a straight line passing 
through the centers of the diaphragms of two . electrically connected 
adjacent thin film piezoelectric resonators existed between the ■ 
diaphragms of the adjacent thin film piezoelectric resonators to a 
distance DO between the centers of the diaphragms of two adjacent thin 
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film piezoelectric resonators was 0.18. The Value of this ratio Dl/W 
indicates, that of. representative one set of electrically connected 
adjacent thin film piezoelectric resonators, but the value of the 
ratio Dl/DO was in a. range of 0.18 to 0.3 also with respect to : another 
set of electrically connected adjacent thin film piezoelectric 
resonators. Tapered angle or club-shaped angles of side wall surfaces 
of all via holes were in a range of 80 to 100° with respect to the 
upper surface of the substrate. 

With respect to thin film piezoelectric filter manufactured 
by the above-described steps and constituted of the ladder type 
circuit having the structure of FIGS. 2A to 2C, a lattice constant of 
an A1N thin film, and a rocking curve half value width (EWHM) of a 
(0002) diffraction peak were measured by a dif fractometer method. 
> Evaluation results of the degree of crystal orientation of the AIM 
thin film are shown in Table 1.. 
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Moreover, an impedance characteristic between .the 
. electrode terminals 15b, 17b of the FBAR constituting the 
t hih film piezoelectric filter comprising a ladder type 
circuit was measured using a microwave prober and a network 
.5 analyzer manufactured by Cascade Microtech inc. Moreover, 
an electromechanical coupling coefficient K t 2 and an 

acoustic quality. factor Q were obtained from measured values 
of a resonant frequency f r and. ahtiresohant frequency fa. 

, The resonant frequency fr> antiresonant frequency fa, 
. i° and electromechanical coupling coefficient Kt 2 in the 

resonance characteristic ; measured using the microwave prober 
have -the following relation: 
K t 2 = <j>r/Tan (<j)r) ; and 

<j>r -= (n/2) (fr/fa) , where <j>r indicates a 'change of a 
15 phase of a complex impedance. 

For the sake of simplicity, the electromechanical 
coupling coefficient K t 2 was calculated from the following 

equation: 

K t 2 ~ 4.8(fa-fr)/(fa+fr) . 

20 '• A basic frequency of thickness vibration, the 

. elect roinedhahical coupling coef f icieht K£ 2 , and thd- acoustic 

. &ality£k6tbr Q 6f the- obtained thin film piezoelectric 
filter are as shown in Table 2. 



CO 




Furthezniore f pass band characteristics, of a. signal of the 
above-described thin film piezoelectric filter coiiprising the ladder 
type circuit was measured using the micrdwave probed manufactured by 
Cascade Microtech Inc. and network analyzer, and , performances (pass 
bandwidth, insertion loss, attenuation amount at inhibition iregioh) of 
the filter were evaluated. The pass bandwidth, insertion . ioss 1. L. > 
and attenuation amount at inhibition region of the obtained thin film 
piezoelectric: filter are as shbwn in Table 2 , 
' [Example 2] 

,.:v. In the present exaitple, a thin film piezoelectric filter 
hiving the structure (the diaphragm 23 is /tr^pezoidai)i-slhbwn vi^ v^g; 2 
was prepared as follows. 

That is, an procedure similar : to that of Exaitple 1 WaS j 
repeated to prepare the thin film piezoelectric filter ccrrprising the 
ladder type circuit except that a Ti .metal layer (ac^esiVe iay^r> , a- 
Ft metal layer (intermediate layer) , and a Mo metal layer (main 
electrode layer) were deposited as a lower electrode in this order to 
form a Mo/Pt/Ti lower electrode 15 having a material and thickness 
described in Table 1, a Ti metal layer (adhesive layer) and a Mb metal 
layer (main electrode layer) were deposited as ah upper electrode in 
this, order to form a Mo/Ti upper electrode 17 l^virig inalteriaJ: drid 
tMcidiess .deserifeea in Table" i> ;ahci the §iaMt- -of /a ": ^ia hblfe- • ■ 
fabricated by deep : RIE Was f ottt&d to be trapezoidal to : fbxA a 

diaphr&grn 23 into a trapezoidal Shaii>e.; the abd ve-d^scr ib^d Di /tip . • 6f 
the present example was 0.19. The value of this ratio Dl/DO indicates 
that of representative one set of electrically connected adjacent thin 
film piezoelectric resonators, but the value of the ratio Dl/DO was in 
a range of 0.18 to 0.3 also with respect to another set of 
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electrically connected adjacent thin film piezoelectric resonators. 

Tapered angle or club-shaped angles of side wall surfaces of all via 

' ■ • • ■ -J 

holes were in a range of 80 to 100° with respect to the upper surface 

of the substrate. 

With respect to the thin film piezoelectric filter 
manufactured by the above-described steps and constituted of the 
ladder type circuit having the structure of FIG. 2 (the diaphragm 23 
was trapezoidal) ■, a lattice constant of an . A1N thih film arid a rbdkifig 
curve half Value width (FWHM) of a (0002) diffraction peak Were 
measured by a diff tactometer method in the same manner as in Example 1. 
Evaluation results of the : degree of crystal orientation of the A1N 
thin film are shown in Table 1. 

Moreover, an electromechanical coupling coefficient K t ? and 

an acoustic quality factor Q were obtained from measured Values of a 
resonant frequency fr and antiresonant frequency fa of an FBAR 
constituting the above-described thin film piezoelectric filter 
comprising the ladder type circuit using a microwave prober 
manufactured by Cascade Microtech Inc. and a network analyzer in the 
same manner as in Example 1. A basic frequency of thickness vibration, 
the electromechanical, coupling coefficient K t 2 , arid the acoustic 

quality factor Q of the obtained thin film piezoelectric filter are as 
shown in Table 2 . : ,/. ' .'...'./.'! 

Eurthermore, pass band characteristic of a sighal of the 
above-described thiri film piezoelectric filter comprising the ladder 
type circuit was measured, and performances (pass bandwidth, insertion 
loss, attenuation amount at inhibition region) of the filter were 
evaluated in the same manner as in Example 1. The pass bandwidth, 
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insertion loss I. L., and attenuation amount at inhibition region of 
the obtained thin film piezoelectric filter are as shown in Table 2. 
[Example 3] 

In the present example, a thin film piezoelectric filter 
having the structure (the diaphragm 23 was trapezoidal) shown in FIG. 
1 was prepared as follows. 

That is, after forming Si6 2 layers each having a thickness 

of 1.2 pm on opposite upper/lower surfaces of a (100) Si substrate 12 
having a thickness of 250 Mm by a thermal oxidation method, the only; 
Si0 2 layer on the upper surface was etched to adjust the thickness of 

the Si0 2 layer on the upper surface, and an insulating layer. 13 made 

of Si02 and having a thickness value described in Table 1 was formed. 

A Ti metal layer (adhesive layer), an A U metal layer (intermediate 
layer), and a Mo metal layer (main electrode layer) Were deposited on 
the upper surface of the insulating layer 13 in this order by a DC 
magnetron sputtering method, and patterned into a desired shape by 
photolithography to form a Mo/Au/Ti lower electrode 15. A main body, 
portion 15a of the lower electrode 15 was formed into a nearly 
rectangular shape . It was confirmed by X-ray diffraction measurement 
that the Mo metal layer was a (110) oriented : film, that is,, a singly 
oriented film. An AlN piezoelectric thin film having a thickness 
described in Table 2 was formed on the insulating layer 13 on which 
the Mo. lower electrode 15 was deposited on . conditions described in 
Table 1 by a reactive RF magnetron sputtering method using metal Al ■ 
having a purity of 5N as a target. The AlN film was patterned into a 
specific shape by wet etching using hot phosphoric acid, and an AlN 
piezoelectric film 16 was formed. Thereafter, as shown in FIG. 1, an 
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upper electrcxie 17 was deposited using the DC magnetron sputtering 
method arid a lift-off process, in which the thickness was 0 . 190 jam for 
a series circuit and 0.225 Mm for a shunt circuit/ and a main body 
portion 17a had a nearly rectangular shape whose planar area was 
5 around 23,000 Mm 2 . The main body portion 17a of the upper electrode 

17 was disposed in a position corresponding to the lower electrode 
main body portion 15a. 

The Si&2 layer on the lbw&f Surface of the substirat^ 12 oil 

which a piezoelectric laminated structure 14 was formed as described 

» • * 

0 above was patterned into a predetermined shape in. accordance with the 
. upper electrode main, body ' portion 17a by the photolithography. 
JHirtheimore, a micro machine working, photo resist (NANO, SU-8 negative 
resist manufactured by MicroChem Corp.) was applied, and a resist mask 
having the same shape as that of the lower-surface SiC>2 mask was 

5 formed by the photolithography, the substrate 12 on which the mask 
was formed Was charged into a dry etching equipment having a d£ep 
graving type reactive ion etching (deep RIE) specification, . and an SF 5 

gas and a C4F3 gas were alternately introduced into the equipment, to 

repeat the r etching arid formation of a side Wail ;pr6te6trvfe ;f ilm/ . An': 
0 : etching speed ratio of a side wall surface to a bottom surface was 
Controlled, and the etching was cbntinued at a speed df several 
Mcrbmeteris per minute. Accordingly, the etching was performed until 
the Idwkr electrode main body portion 15a was exposed to i via ' hole .22, 
and the deep prismatic via hole 22 whose, side wall surface was 
5 vertically disposed was prepared. As a result, it was possible to 
form the diaphragm 23 into a planar shape and a dimension 
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substantially equal to those of an opening 24 ail the substrate -back 
surface. The above-described Dl/DO of the present example was 0.19. 
The value of this ratio Dl/DO indicates that of representative one set 
of electrically connected adjacent thin film piezoelectric resonators, 
but the value of the ratio Dl/DO was in a range of 0.18 to 0.3 also 
with respect to another set of electrically connected adjacent thin 
film piezoelectric resonators. Tapered angle or club-shaped angles of 
side wall surfaces of ali via holes were in a range of 80 to 100° with 
respect to the upper surface of the substrate. 

, With respect to the thin film piezoelectric filter 
manufactured by the above-described steps arid constituted of the 
ladder type circuit having the structure of FIG. 1, the degree Of 
crystal Orientation pf the A1N. thin film' Was evaluated ih the same : : 
manner as in Example 1. The evaluation results are shown in Table 1. 

Moreover, an electromechanical coupling coefficient Kt? and 

an acoustic quality factor Q were obtained from measured values of a 

resonant frequency fr and antiresonant frequency fa of an FEAR 

Constituting the above-described thin film piezoelectric filter 

comprising the ladder type Circuit using a microwave prober and a 

network analyzer manufactured by Cascade Microtech Inc. in the same 

rrtanner as in Example 1. A- basic frequency of thickness vibration, the' 

electromechanical coupling coefficient K t 2, and the acoustic quality : 

factor Q . of the obtained thin film piezoelectric filter are as shown 
ih Table 2. ; 

Furthermore, pass band characteristic of a signal of the 
above-described thin film piezoelectric filter comprising the ladder 
type circuit was measured, and performances (pass bandwidth, insertion 
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loss, attenuation amount at inhibition re§idft) Of the filter wek6 . 
evaluated in the same manner as in Example 1. The pass B^dwidth, . 
. insertion loss I. L, , and attenuation amount at inhibition region of 
the obtained thin film piezoelectric filter are as shown in Table 2. 

5 [Example 4] 

In the present example, a thin film piezoeiectiric filter ' 
having the structure shdwii in FIG. 1 was prepared as fdliows;' 

That is, ail procedure sMlar tb tMt of ExSir|ile : 3 was 
repeated to prepare the thin film piezoelectric filter cbnprising the 

6 ladder type circuit except that a V metal layer (adhesive layer), an 
Au metal lay£r (intermediate . layer) , ajid a TZM alloy layer (main 
electrode layer ) were formed as a lower electirbde iri this brde^ to 
form, a Mo (TZM alloy) /Au/V lower electrode 15 having ^ i^teriar ^hd 
thickness described in Table 1, an aluminum hit ride-gallium nitride 

5 based solid , solution (Ali_ x Ga k N) having a thickness described in Table 

2 was formed on. ah insulating layer 13 on which the Mo (TZM 
alloy) /Au/V lower electrode 15 was formed by a reactive RF magnetron 
sputtering method on conditions described ih Table 1, afe (TZM alloy) 
upper electrode 17 having a material and a thickhess described in 

0 Table 1 was formed as an upper electrode,, and the planar shape of a 
< via hole fabricated by deep RIE was formed to be rSct^hgul^i: to 
. theirfeb/ 7 .f pm a , ^^1^^ i3 ' fi^d':*^^^ " 
described Dl/00 of the present example was 0.20. The value of this 
ratio D1/D0 indicates that of representative on4 set of electrically 

5 connected adjacent thin film piezoelectric resonators, but the value 
of the ratio D1/D0 was in a range of 0,18 to 0.3 also with respect to 
another set of electrically connected adjacent thin film- piezoelectric 
resonators. . Tapered angle or club-shaped angles of side wall surf aces 



of . all via holes wer^ ±n a range of 80 to 100° with respect to the 
upper surface "of the substrate. . 

With respect to the thin film piezoelectric filter 
manufactured by the above^described stfeps. and constituted of the 
ladder type circuit having the structure of FIG. I, the degree of 
crystal orientation of the AlN thin film was evaluated in the same 
manner as in Exanple 3. The evaluation results are shown in T^bie 1. 

Moreover, ah iitipediahce characteristic: arid p£s£? band: 
charkcterii3tid of the signal of the thin film piezoelectric "filter 
comprising the ladder , type circuit were measured usihg a microwav^ 
prober and a ' netwOirk analyzer manufactured by Cascade Microtech Ihc • 
in the -itianrier as in Exanple 3 . Ah electro^chahical coupling 

coefficient K t 2 and an acoustic quality factor Q were obtained :from 

measured values of a resonant frequency fr and ^tiresbiteht frequency 
fa, and performances (pass bandwidth, insertion loss, attenuation 
amount at inhibition region) of the filter were evaluated. " A bksic 
frequency of thickness vibration r the electromechanical coupling 
coefficient K^ 2 , and the acoustic quality factor Q of the obtained 

thin film piezoelectric filter are as shown in Table 2. ESarthemiore, 
the pass bandwidth, insertion loss I . L. , and attenuation amount at 
inhibition region of the filter aire as shown in Table 2. . . ^ , ,< 
; ; [Exaii^l^s 5 to 7 J ,.: " " 

In the present .■ examples , a thin £ ilin ^iezoeledtri6 f iltei: : 
having the structure (the diaphragm 23 had a shape described in Table 
1) shown in FIG. 2 was prepared as follows. ' 

That is, an procedure similar to that of Exarrple 1 was 
repeated to prepare the thin film piezoelectric filter • cbrtprising a 



ladder type circuit except that a Ti adhesive layer, an intermediate 
layer ^ and a Mo metal layer (main electrode layer) described in Table 
1 were formed as a lower electrode in this order to form a Mo/Al/Ti, 
Mo/Au/Ti, or Mo/Ti lower electrode 15 having a material and thickness 
described in Table 1, an upper electrode 17 having a material and. 
thickness described in Table 1 and made of Mo, Mo/Ti, or Al was formed, 
and the shape of a diaphragm 23 was formed into a shape described in ' 
Table 1 based on the planar shape of a via hole fabricated : by deep RIE. 
The abbve-described Dl/DO of the present exanples was 0;24 to 0,25 as 
shown in Table 2. The value of this ratio Dl/DO indicates that 6f 
representative one set of electrically- connected adjacent thin film 
piezoelectric resonators, but the value of the ratio Dl/jbO was in a : 
range of 0.18 to 0.3 also with respect to another set of electrically 
connected adjacent thin film piezoelectric resonators.- Tapered angle 
or club-shaped angles of side wall surfaces of all via hoies wer£ in a 
range of 80 to 100* with respect to the upper surface of the substrate. 

With respect to the thin film piezoelectric filter . - 
manufactured by the above-ndescribed steps and constituted of the 
ladder type circuit having the structure of FlG. 2 (the diaphragm 23 - 
had a shape described in Table 1) r the degree of crystal orientation 
6f the : AlM f ; tfrin ; f ilm was evaluated in - the ■■ same rf^liier : as i ih^E^n^le- 1 , 
The evaluation results aire sHbwn in Table 1. , - =• 5 7 ? 
v- " Moreover, an impedance characteristic' arid pas'S band : • > • ••>•■ 

characteristic of the signal of the above-described thin £ilm : : 
piezoelectfib filter coirprising the ladder type circuit wer^ measured 
using a microwave prober and a network analyzer manufactured by: 
Cascade Microtech Inc. in .the same manner as in Exairple -3,. and an 
electronechanical coupling coefficient K t 2 and an acoustic quality 
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factor Q were obtained from measured values of a resonant frequency fr 
and antiresonaht frequency fa. Moreover/ performances (pass baiidwidth, 
insertion loss, attenuation amount at inhibition region) of the filter 
were evaluated. A basic frequency of thickness vibration, the : ' 
electromechanical coupling coefficient K\2, and the acoustic quality 

factor Q of the obtained thin film piezoelectric filter, are as shbwri 
in Table 2. The pass bandwidth, insertion loss I. L., and attenuation. 
amic>mt at inhibition region of the obtained thin film piezoelectric • 
filter are as shown in Table 2. 

FIGS. 6A and 6B show an irrp^dance frequency characteristic 
aild a /filter pass band , characteristic of the thin f iliti piezoelectric 
filter in Example 6. In the thin film piezoelectric filter of the 
present exairple, a fine peak, between a resonant frequency peak 31 and 
an antiresonant frequency peak 32 is remarkably little, ahd the pass 
band characteristic is remarkably satisfactory as shown ih Fid. 6A. 
This satisfactory pass band characteristic depends on a diaphragm 
shape which is an asymmetric pentagonal shape. 

[Example 8] 

' In the present exarrple, a thin film piezoelectric filter 
having the structure shown in FIG. 3 was prepared as follows; . . 

' . - Th ^ is* an prbc^dure; similar to- that of Bxai^le 3^ was^ - « 
repeated to, prepare the thin filiil piezoelectric filter cx^risikg a 
ladder type circuit except that a ;Ti metal layer : (^^si^e ^iayfer). arid 
an Au metal layer .(malh electrode layer) were deposited /as - a lower ^ 
electrode in this order to form an Au/fi lower electrode 15 having a 
material and thickness described in Table 1, a ZnO piezoelectric thin 
film having a thickness described in Table 2 was formed on an 
insulating layer 13 on which the Au/Ti lower electrode 15 was 
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deposited by an RF xnagn^troh sputtering method on conditions described 
in Table. 1 using ZriO as a target, an Au upper electrode 17 constituted 
of two electrode portions i7A, 17B having a thickness described in 
Table 1 was f ormfed as an upper electrode, and a diaphragm 23 was 

5 formed into a rec± angular £hape based on the plaiiar shape of a via 

hole fabricated by deep RIE . The above-described Dl/DO o£ the present 
example was 0.20. The value of this ratio Dl /DO indicates that of 
representative one set of electrically cohfi^cted adj ^ceht thin f iliti 
piezoelectric resonators, but the value of the ratio D1/D0 was in a 

0 range of 0.18 to 0.3 also with respect to another set of electrically 
connected adjacent thin filin piezoelectric resonators Tapered angle 
or club-shaped angles of side wall surfaces of all viS - hbl^s %ere ih a 
range of 80 to 100° with respect to the upper Surface of the substrate* 
With • respect to the thin film piezoelectric filter 

5 manufactured by the above-described steps and constituted of the - 
ladder type circuit having the structure of FIG, 3, the degree Of : 
crystal orientation of the AlN thin film was evaluated iri the same 
manner as in Exarrqple 3. The evaluation results ^ar^ shown in Table 1. 
Moreover, an inpedance characteristic and pass band 

0 characteristic of the signal of the thin film piezoelectric filter 

:cdr^isijigf Vthe -ladder , type cii^it ; wefe ; ^asur^feu&ihg . a ^ j&&£'6yp?&j > , ;f ; 
prober and a^network analyzer manufactured by CaScadfe Micr6te"ch Inc; 
in : the sairfe ifiahher as in : Sample a. Ah Wle&£<^eti4 
coefficient K t 2 and ah acoustic quality factor Q.^were obtained ^ from' 

5 measured values of a resonant frequency fr and ant iresonant frequency 
fa, and performances (pass bandwidth, insertion loss, attenuation 
amount at inhibition region) of the filter were evaluated. A basic 
frequency of thickness vibration, the electromechanical coupling 



- 59 - - 

coefficient Kt 2 , and the acoustic quality factor Q of the obtained. 

thin film piezoelectric filter are as shown in Table 2. Furthermore, 
the pass bandwidth, insertion loss I. L. , and attenuation amount at 
inhibition region of the filter are as shown in Table 2. 
5 [Exanple 9] 

In the present example, a thin film piezoelectric filter 
having a structure similar to that shown in FIG. 1 was prepared as 
follows. 

That is, an procedure similar to that of Exaiiple 3 was 
0 repeated to prepare the thin film piezoelectric filter ccmpri sing a 
ladder type circuit except that an SiN x layer was deposited at 800°C 

by a low-pressure CVD method using mono silane (SiH4> and ammonia 
(NH3) as raw materials instead of an SiC>2 layer formed by a thermal 

oxidation method, a main electrode layer of a lower electrode was 
5 changed to a TZM alloy layer from Mo, an intermediate layer of the 

lower electrode was changed to Pt from Au and a Mo (TZM alloy) /Pt/Ti 
lower electrode 15 having a material and thickness described in table 
1 was deposited, a main electrode layer of ah upper electrode was 
changed to a TZM alloy layer from Mo, a Ti adhesive layer was used and 
Q a Mo (TZM alloy) /Ti upper electrode 17 having a Vrnateri^i- ahd tMckness 
described in Table 1 was deposited, a diaphragm 23 was foM^d into a 
rectangular shape based oh the planar shape of a via hole fabricated 
by deep RIE, and arrangement of FBARs each constituting the thin film 
piezoelectric filter was changed to a lattice type circuit from a 
5 ladder type circuit. The above-described D1/D0 of the present exanple 
was 0.19. The value of this ratio D1/D0 indicates that of 
representative one set of electrically connected adjacent thin film 
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piezoelectric resonators, but the value of the ratio D1/D0 was in a 
range of 0.18 to 0.3 also with respect to another set of electrically 
connected adjacent thin film piezoelectric resonators. Tapered angle 
or club-shaped angles of siide wall surfaces of all via, holes were in a 

5 range of 80 to 100° with respedt to the upper surface of the substrate 
With respect to the thin film piezoelectric filter 
manufactured by the above-described §teps and constituted of the 
lattice type circuit, the. degree of Crystal orientation df the A1N 
thin film was evaluated in the same manner as in iBxaniple 3.. The 

.0 evaluation results are shown in Table 1. 

Moreover, an impedance characteristic between electrode 
terminals 15b, 17b of the FBAR constituting the thin filtfi 
piezoelectric filter coirprising the lattice type circuit wais nteasured 
using a microwave prober and a network analyzed manufactured by 

.5 Cascade Microtech Inc. Ah electromechanical coupling coefficient K^ 2 

and an acoustic quality factor Q were obtained from measured values of 
a resonant frequency fr and antiresonartt frequency fa. A basic 
frequency of thickness vibration, the electromechanical coupling 
coefficient Kt 2 , and the acoustic quality factor Q of the obtained 

>0 thin film -piezoelectric f i Iter are , as shown . in Table, 2 - 

. t Furthermore, paps barid characteristic of a signal 6f the : 
. thin, film piezoelectric filter cosnpfising the lattice type circuit was 
measured using a microwave prober and a network analyzer manufactured 
by Cascade Microtech. Inc., and performances (pass bandwidth/ insertion 
15 loss, attenuation amount at inhibition region) of the filter were 

evaluated. The pass bandwidth, insertion loss I. L., and attenuation 
amount at inhibition region of the obtained thin film piezoelectric 
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filter are as shown in Table 2. 
[Example 10] 

in the present example> a duplexer in which a thin film 
piezoelectric filter for transmission and a thin film piezoelectric 
5 filter for reception each having a .'structure (the diaphragm 23 was : 
trapezoidal) shown in FIG. 2 are Combined With a 90 degree phase 
matching unit was prepared as follows. 

That is, an procedure similar to that of Example 1 was 
repeated to prepare the thin film piezoelectric filters for 

L0 transmission and reception constituted of ladder type circuits except 
that an adhesive layer, an intermediate layer, arid a main electrode 
layer described in Table 1 were deposited, as a lower electrode in this 
, order to form a Mo/Au/Zr lower electrode 15 having a material arid 
thickness described in Table 1, a Mb/Zr upper electrode 17 having a 

.5 material and thickness described in Table 1 was deposited as an Upper 
electrode, and the shape of a diaphragm 23 was formed into a 
trapezoidal shape based on the planar shape of a via hole fabricated 
by deep RIE. Next, these thin film piezoelectric filters were 
connected to each other via the 90 degree phase matching unit, and the 

:0 duplexer shown in FIG. 10 was prepared. 

In FIG. 10, a duplexer 300 includes a transmission, thin film 
piezbeiectric filter 310, a reception thin film piezoelectric- f liter—- 
330/ and a 90 degree phase matching unit. 350; One end of rthe 
transmission thin film piezoelectric filter 310 is connected to a 

5 transmission port 302, arid one end of the reception thin film 

piezbeiectric filter 330 is connected to a reception port 304. The 
other ends of the transmission thin film piezoelectric filter 310 and 
the reception thin film piezoelectric filter 330 are connected to an 



antenna port 306 which is a port both for transmission/reception via 
the 90 degree phase matching unit 350. That is, the 90 degree phase 
matching unit 350 is connected to the antenna port 306, the 
transmission thin fiim piezoelectric filter 310, arid the ire66ptibn 
thin film piezoelectric filter 330, respectively. The transmission 
port 302 is connected to a transmission circuit, the reception port 
304 is connected to a reception circuit, and the antenna port 306 is 
connected to an antenna ANT. The transmission thin filiti piezoelectric 
filter 310 arid the reception thin film piezoelectric filter 330 have 
chip-like configurations, and are fnounted on a substrate on which the 
90 degree phase matching unit 350 arid a desired wire^boridirig are * 
formed. • 

The above-described D1/D0 of the present exanple was 0.19. 
The value of this- ratio D1/D0 indicates that of representative one set 
of electrically connected adjacent thin film piezoelectric resonators, 
but the -value of the ratio D1/D0 was in a range of 0.18 to 0.3 also 
with respect to another set of electrically connected adjacent thin 
film piezoelectric resonators. Tapered angle or club-shaped angles of 
side wall surfaces of all via holes were in a range of 80 to 100° with 
respect to the upper surface of the substrate. 

: With- respect to the thiri film jpiezoelectiric' filter 
constituting the duplexer manufactured by the above-described steps 
and constituted of the ladder type cir^t' havirig the structure (the 
diaphragm 23 was trapezoidal) of FIG. 2, the degree of crystal 
orientation of the A1N thin film was evaluated in the same* manner as 
in Example 1. The evaluation results are shown in Table 1. 

Moreover, a resonant frequency f r, an antiresonant frequency 
fa, an electromechanical coupling coefficient K t 2 , and an acoustic. 



quality factor Q of the thin film piezoelectric filter constituting 
the duplexer and constituted of the above-described ladder type 
circuit were obtained using a microwave prober and a network analyzer 
manufactured by Cascade Microtech Inc. in the same manner as iil 
Exanple i. A basic frequency of thickness vibration, th£ 
electromechanical coupling coefficient K t 2 , and the acoustic quality 

factor Q of the obtained thin film piezoelectric filter are ass shown 
in Table 2. 

Furthermore, pass b^d characteristic of a signal of the 
thin film piezoelectric filter constituting the duplexer and 
constituted * 6f the above-described ladder type circuit was Wasuf fed in 
the sarife manner as in Exarrple 1, and performanbe^ (pass i^dwidt^ 
insertion loss, attenuation amount at inhibit ibii region) 6f th£ filter 
were evaluated. The pass bandwidth, insertion loss I. L -7 and 
attenuation amount at inhibition region of the obtained thin film 
piezoelectric filter are as shown in Table 2. 
... : ; [Examples 11, 12] 

In the present examples, a thin film piezoelectric filter 
having a structure shown in FIG. 1 was prepared as follows, 

..That; is, an. procedure similar, to that of . Exaitple. 9 ,was • 
. r^^ ; , 

ladder type circuit except that aih Adhesive layer, an interrteciiat^ 
lay£r, and a : . main electrode layer described in table 1 were depbsitdd * 
as a lower electrode in this order to form a lower electrode^ 15 having 
a material and thickness described in Table 1 and made of Pt/Ti or 
W/Al/Ni, a PZT (Pb(Zr, ti)0 3 ) piezoelectric thin film or ah A1N 

piezoelectric thin film having a thickness described in Table 2 was 



- 64 - 



formed on an insulating layer 13 on which the Pt/Ti or W/Al/Ni lower 
electrode 15 was deposited by ah RF magnetron sputtering method or a 
reactive RF magnetron sputtering method on conditions described in 
Table 1, and an upper electrode 17 having a thickness described in 
Table 1 and made of Pt/Ti or Al was formed as ah upper electrode. The 
above-described Dl/DO of the present example is as shown in Table 2. 
The value of this ratio Dl/DO indicates that of representative one set 
of electrically connected adjacent thin film piezoelectric resonators, 
but the value of the ratio Dl/DO was in a range of 0.18 to 0.3 also 
with respect to another set of electrically connected adjacent thin 
film piezoelectric resonators. Tapered angle or club-shaped angles of 
side wall surfaces of all via holes were in a range of 80 to 100° with 
respect to the upper surface of the substrate. 

With respect to the thin film piezoelectric filter 
manufactured by the above-described steps and constituted of the 
ladder type circuit having the structure of FIG. 1, the degree of 
crystal orientation of the A1N thin f ilea was evaluated in the same • 
manner as in Example 3. The evaluation results are shown in Table 1. 

Moreover, an irtpedance characteristic and pass band 
characteristic of a signal of the thin film piezoelectric filter 
comprising the ladder type circuit were measured using a microwave 
prober and a network analyzer manufactured by, Cascade Micrbtech : inCi 
in the same manner as in Example 3, and an electromechanical coupling 
coefficient K t 2 and art acoustic quality factor Q were obtained from 

measured values of a resonant frequency fr and an antiresonant 
frequency fa. Moreover, performances (pass bandwidth, insertion loss, 
attenuation amount at inhibition region) of the filter were evaluated. 
A basic frequency of thickness vibration, the electromechanical 
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coupling coefficient K t 2 , and the acoustic quality f actor Q of the 

obtained thin film piezoelectric filter are as shown iri Table 2. The 
pass bandwidth, insertion loss I. L. , and attenuation ambunt at 
inhibition region of the filter are as shown ih Table 2. 

5 [Exariple 13] 

In the present exajtiple, a thin filiti piezoelectric filter 
having - a . Structure shown in FIG. 1 was prepared as follows. 

That is f an procedurei similar to that of Ebcanple 3 w4s . 
repeated to prepare the thiri film piezoelectric filter coinprisihg a 

.0 ladder type circuit except that an Nb metal layer (adhesive layer) , a 
Pt metal layer (intermediate layer) , and a W-ttd alloy laySr (main 
electrode layer) were deposited as a lower electrode in this order' to 
form a W-Mb alloy/Pt/Nb lower, electrode 15 having a material ahd 
thickness described in Table 1> and an aluminum nitride^galiium 

.5 nitride based solid solution (Ali_ x Ga x N) having a thickness described 

in Table 2 was formed on an insulating layer 13 on which the W-Mb 
alloy/Pt/Nb lower electrode 15 was deposited by a reactive RF 
magnetron sputtering method bn conditions described in Table . 1, a W-Mb 
alloy /Nb upper electrode 17 having a material and thickness described 

!0 in Table 1 was formed as an upper ; electrode, : and a diaphrkgpii ,23 was 
formed , into a rectangular shape based on the planar shapfe of a via 
hole fabricated by deep RlE . The al^ve-de scribed Dl/DO of the present 
exarqple was 0.20. The value of this ratio Dl/DO indicates that of 
representative one set of electrically connected adjacent thin film. . 

:5 piezoelectric resonators, but the value of the ratio Dl/DO was in a 

range of 0.18 to 0.3 also with respect to another set of electrically 
connected adjacent thin film piezoelectric resonators. Tapered angle 
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or club-shaped angles of side wall surfaces of all via holes were in a 
range of 80 to 100° with respect to the upper surface of the substrate. 

With respect to the thin film piezoelectric filter 
in^riufactured by the above-described steps and constituted of the 
ladder type circuit having the structure, of FIG. 1, the degree of 
crystal 1 orientation of the AlN thin film was evaluated in the same 
manner as in Exair^le 3. The evaluation results &re shown in Table 1 . 

Moreover, an irhpedande characteristic and paSs baSid 
characteristic : of a signal of the thin film piezoelectric filter 
comprising the ladder type circuit were rneasured using a microwave 
prober and' a network analyzer manufactured by Cascade Microtech : inc. 
in the same manner as in Example 3, arid ah electrc^echahical coupling 
coefficient Kt 2 and ah acoustic quality factor Q were obtained from 

measured values of a resonant frequency fr and an antiresonant 
frequency fa. Moreover , performances (pass bandwidth, insertion loss, 
attenuation amount at inhibition region) of the. filter were evaluated. 
A basic frequency of thickness vibration, the electromechanical 
. coupling coefficient K^ 2 , and the acoustic quality factor Q of the 

obtained thin film piezoelectric filter are as shown in Table .2. The . 

10 ^^^^ lo3s I - N L*y. and attenuation ^ airountV.at ,\ 

ir^ibition iregioh , of the filter - are as shbwri -iii' Table; 2 y ■ v.. 

FIGS. 7A and 7B show the impedance frequency characteristic 
and filter pass band characteristic of the thin film piezoelectric 
device in. Example 13. As seen when comparing FIGS. 6A and 6B (Exafrple 

!5 6) with FIGS. 7A and 7B (present example), in FIG. 7A of the present 
example, many fine peaks exist between a resonant frequency peak 31 
and an antiresonant frequency peak 32. On the other hand, in FIG. 6A 
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of Exanple 6, there is remarkably few fine peaks between the resonant 
frequency peak 31 and the antiresonaht frequency peak 32. Therefore, 
as seen when conparing the filter pass band characteristic of FIG. 6B 
with that of FIG. 7B, ; the pass band characteristic of the thin film 
5 piezoelectric filter Of Exanple 6 is more satisfactory. A difference 
between the pass band characteristics mainly depends on the diaphragm 
shape > and it is .indicate that an asynmetric pentangular shape is more 
preferable. than a rectangular shape, 
tExairple 14] 

0 In the present exarrple, a thin film piezoelectric filter 

having a structure shown in FIG. 2 was prepared as follows. 

That -is, an procedure similar to that of Example 1 was 
repeated to prepare the thin film piezoelectric filter COTprisingi a 
laddeir type circuit except that an adhesive layer and a main electrode 

5 layer . described in Table 1 were deposited as a lower electrode in this 
order to form a Pt/Hf lower electrode 15 having a material and 
thickness described in Table 1, a Ft upper electrode 17 having a 
thickness described in Table 1 was formed as an upper electrode, and a 
ZnO piezoelectric thin film having a thickness described in Table 2 

0 was deposited as a piezoelectric film on conditions described in Table 

; above-descf ^d ^/DO^ ^ The value df ''■ K 

this: ratio D1/D0 indicates that of representative one s£t of " : ' 
electrically connected adjacent thin film piezoelectric resonators, • 
5 but the value of the ratio Dl/DO was. in a range of 0.18 to 6.3 also 
with respect to another set of electrically connected adjacent thin 
film piezoelectric resonators. Tapered angle or club-shaped angles of 
side wall surfaces of all via holes were in a range of 80 to 100° with 
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respect to the upper .surface of the substrate. 

With respect to the thin film piezoelectric filter 
manufactured by the above-described steps arid constituted of the 
ladder type circuit having the structure of FIG. 2, the degree of 
crystal orientation of the A1N thin film was evaluated in the same 
manner as in Exanple 1. The evaluation results are shbwn in Tabie 1. 

Moreover, ah irrpedance characteristic and pass band 
chai: ^cteristic of a signal of the thin ^iliti piezoelectric, filte 
corrprising . the ladder type circuit were measured using a iriicrdwave 
prober and a network analyzer manufactured by Cascade Microtech inc.- 
iri the saite manner as in Exanple 1, and ah electrc^cHinicai coupling 
coefficient K t 2 and ah acoustic quality factor Q were obtained f f dm 

measured values of a resonant frequency fr and an ahtiresonaht 
frequency fa. Moreover, performances (pass bandwidth, insertion loss, 
attenuation amount at inhibition region) of the filter were evaluated, 
A basic frequency of thickness vibration, the electromechanical 
coupling coefficient Kf 2 , and the acoustic quality factor Q of the 

obtained .thin film piezoelectric filter are as shown ih Table . 2 . . The 
pass bandwidth, insertion loss I. L. , and attenuation amount at 
i^^^?* 1 ^gfon of the filter .are as ;^wn in;'T^;|!v. I'.'- 
^ : . ij ; : '\ V* . • 

In the present comparative exanple/ a thih film 
piezoelectric filter having a structure {k diaphragni 23 w£s 
trapezoidal) shown in FIGS. 1A to 1C was prepared as follows. 

That is, ah procedure similar to that of Exanple 3 was 
repeated to prepare the thin fiLm piezoelectric filter comprising a 
ladder type circuit except that an Ni metal iayer (adhesive layer) and 



a Md^Re alloy layer (main electrode layer) were deposited as a lower 
electrode in this order to form a Mo-Re alloy/Ni lower electrode i5 
having a material and thickness described . in Table 1, an. AIN thin film 
having a thickness described in Table 2 was formed on an insulating 
layer 13 on which the Mo-Re alloy/Ni lower electrode 15 was deposited 
by a reactive RF magnetron sputtering method on conditions described 
in Table 1, and a Mo-Re upper electrode 17 having a material and 
thickness described in Table 1 was formed as, ah uppdr Electrode . ; fee 
above-described D1/D0 of the present c6mparati\r^ exaii^le was 0i55. 
The value of this ratio D1/D0 indicates that of rejpres'ehtativ^ oh£ set 
of electrically connected adjacent thin film piezoelectric r^sohatbrs, 
but the value of the ratio D1/D0 was in a range oi 0,5 to 0.6 also' 
with respfect to another set of electrically connected adjacent thin ... 
film, piezoelectric resonators. 

With respect to the thin film piezoelectric filter 
manufactured by the above-described steps and constituted of the 
ladder type circuit having the structure (the diaphragm 23 was 
trapezoidal) of FIG. 1, the degree Of crystal orientation of the AlN ' 
thin f iliii w£s evaluated in th£ same manner as in Example 3. The 
evaluation results are shown in Table 1. 

Moreover* ah impedance characteristic and pa£s ; band • '• 

characteristic of a sighal of the thin film piazdeleOtric filter 
comprisirig the ladder type circuit were itl^siired using a microwave 
prober and a network analyzer manufactured by Cascade Microtech irib. 
in the same manner as in Example 3, and an electrc^chahical coupling 
coefficient K t 2 and an acoustic quality factor Q were obtained from 

measured values of a resonant frequency fr and an antiresonant 
frequency, fa. Moreover, performances (pass bandwidth, insertion loss, 



attenuation amount at inhibition region) of the . filter were evaluated. 
A basic frequency of thickness vibration, the electromechanical 
coupling coefficient K t 2 , and the acoustic quality factor Q of the 

obtained thin film piezoelectric .filter are as shbwh in Table 2. The 
pass bandwidth, insertion loss I. L. , and attenuation amount at 
inhibition region of the filter are as, shown in Table 2. 
[Comparative Examples 2, 3] 

In the present- corrparative e&arrpies, a thin f iliti 
piezoelectric filter having a structure shown in FIGS. 8A : and 8B was 
prepared as follows. 

That is, after forming Sid^ layers each 'havihg a thiekhess 

6f 1.0 on opposite upper/lower surfaces of a (100) Si substrate 12; 
having a thickness; of 300 pm at 1100°C by a thermal oxidation method, 
the only Si02 layer on the upper surface was etched to adjust the 

thickness of the SiC>2 layer oh the upper surface/ and an insulating 

layer 13 made of Si02 and having a thickness, value described in Table 

1 was formed. An .adhesive liayer and a main electrode layer described 
in Table 1 were deposited on. the upper surf ace. of the insulating layer 
13.;in this order by a DC ma^etron sputtering method, and the layers 
were patterned into a desired sha£e by photolithography to fbrin a 
M6/Ti"of "Au/Ti lower electrode 15 . : A ihain bbdy [^^it^'^i^'^'j^ " " 
lower, electrode 15 was forfned into a nearly rectangular ^hkpe whose 
each side was larger than that of the diaphragm 23 by about 40 >im. It 
was confirmed by; X-ray diffraction measurement that the Mo metal layer 
was a (110). oriented film, that is, a singly oriented film. An AlN 
piezoelectric thin film or a ZnO piezoelectric thin film having a 



thickness described in. Table 2 was formed on the insulating layer 13 
bn which the Mo lower electrode 15 . was ctepoisit^d on conditions 
described in Table 1 by a reactive RF magnetron sputtering method 
using metal Al as a target or by an RF ifegnetroh. sputtering method 
using ZnO as a target. The A1N film was patterned into a specific 
shape by wet etching using hot phosphoric acid> or the. ZnO film was 
patterned into a predetermined shape by w£t etching 
adid-hydrdciiloric acid Mxed' ^qi^bu^ sblliti<Sn^ ■ ahd : <ir : ZhG . 

piezoelectric film 16 was formed. 

Thereafter, ah upper eledtrOde 17 having a main bcxiy portion 
17a having a shape close to a rectangular shape whose each • sicfe was - 
smaller than that of the diaphragm 23 by about 5 pm and made of Mo/Ti 
or Au was formed in a material and thickness described in .Table 1 
using the DC magnetron sputtering method ~and a lift-off : process. The. 
main body portion 17a of the upper electrode 17 was disposed in a 
position corresponding to the lower electrode main body portion 15a. 

The 1.0 pm thick SiC>2 layer formed on the lower surface; of 

the Si substrata 12 on which a piezoelectric laminated ^trucrtxare 14 
constituted of the lower electrode 15, upper electrode 17, arid 
piezoelectric film 16 was formed as described abovW w^s' ^tt ^rhed by 
tM I^tonllt^^ I'wit " e£ch^%ag> • m£'-'.'\ 

piezoelectric laminated structure 14 formed 6n the upper surface of 
the Si substrate 12 was coated with a protective wak, and a portion of 
the Si substrate 12 corresponding to the diaphragm 23 Wats- 
etched/removed by heated KOH using the Si0 2 mask formed on * the lower 

surface to prepare via holes 22 constituting gaps. As a result, the 
planar dimension of the diaphragm was around 150 Mm x 150 Mm or 160 pm 



x 160 . pm, arid the via hole was obtained in which the planar dimension 
of the opening in the substrate back surface was 575, urn x 575 pm or 
585 |4n x 585 piiw The above-described D1/D0 of the present cdnparative 
examples is as shown in Table 2. The value of this ratio D1/D0 
indicates that of representative one set of electrically connected 
adjacent thin film piezoelectric resonators > but the value of the 
ratio Dl /DO was in a range of 0.7 to 0.8 also with respect to another 
set of electrically, connected adjacent thin film piezoelectric, 
resonators. 

With respect to the thin film piezoelectric filter 
mahuf adtured by the above^described steps and cbilstituted of th<e 
ladder type circuit having the structure of FIGS* 8A and 8B^ the 
degree of crystal orientation of the A1N thin film was evaluated in 
the same manner as in Example 3. The evaluation results are shown in 
Table 1. 

Moreover/ an impedance characteristic arid pass- band 
characteristic of a signal of the above-described thin film 
piezoelectric filter comprising the ladder type circuit were measured 
using a microwave prober and a network analyzer manufactured by 
Cascade Microtech Inc. in the same manner as in. Exairple 3, and an 
electrofrtechanical coupling coefficient K^ 2 arid ah acdu^tic: qtolity : 

factor Q were 6bt&'iAed frcro measured Values ,d£ a rissdnant frecjiibncy ifir 
and antiresohant frequency fa. Moreover > peffofmahces (pass bandwidth, 
insertion loss, attenuation amount at inhibition region) of the filter 
were evaluated. A basic frequency of thickness vibration,, the 
electromechanical coupling coefficient Kt 2 , and the acoustic quality 

factor Q of the obtained thin film piezoelectric filter are as shown 



in Table 2 . The pass bandwidth. Insertion loss I ... L , , and attenuation 
ambuht at inhibition region of the filter ciirfc as shown dn Table 2. 
[ Comparative Example 4] 

In the present comparative example, .preparation of a thin 
film piezoelectric filter having a structure shown in FIG. 2 was tried 
in such a manner that the above-described D1/D0 was 0.095. 

That is> an procedure similar to that of Ekair4>le 1 was 
repeated to try to pr^par^ the thin film piezoelectric: filter, 
cbirprising a ladder type circuit, except that a Zr metal: iay^r 
(adhesive layer) , an Au metal iayer (intermediate layer) > and a Mb 
ihertal layer (ma:in electrode layer) were deposited aS a lower electrode 
irt this order to form a Mo/Au/Zr lower electrode 15 having a: material 
and thickness described in Table 1, and a Mo upper electrbde 17 h&virig 
a thickness described in Table 1 was formed as an upper electrode - 
However,, a' -dimension Dl corresponding to a Width of a support area 
existing between adjacent diaphragms was small, therefore a substrate 
was broken during working such as dicing or chip forming/ and it was 
not possible ±a form the thirl film piezoelectric filter into a device, 
therefore, it was not possible to evaluate characteristics of ah MR 
or a filter. 

With respect to a sanple from whibh the preparation 6f the : 
thin fiM pxezo^lectric: f ilter -was tried by 1^ r lSb&i^^^ii^i^t^i 
the degree of. crystal- oriehtat idh bf All* .thiri f iim'' was ^evatuSt&di 
in the sime maimer as in Example 1. The evaluation' results ; ^re shown 
in Table 1. 



Industrial Applicability: 

As described above, . according to the present invention, a 
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. substrate portion present under a portion constituting a vibration 
portion is anisotropically removed from the lower surface of a 
substrate by a deep graving type reactive ion etching (deep RiE) 
process which is deep trench etching utilizing plasma, and accordingly 

5 a via hole which enables a small difference between a dimension of a 
diaphragm and that of a lower surface opening of the substrate can be 
prepared • Accordingly/ a distance between diaphragm centers of the 
adjacent thin film piezoelectric resonators d£ a thin f iliti 
piezoelectric device, Which are electrically bbhriected to each other 

.0 by a metal electrode, is shortened, and ah insertion IbSs attributable . 
to a conductor loss of a metal electtode can be remarkably reduced. 

According to a thin film piezoelectric devices of the present 
invention, the distance between the diaphragm centers of -the 
electrically connected adjacent thin film piezoelectric resonators is 

.5 short, and 3 plurality of thin film piezoelectric resonators disposed 
in vicinity positions are combined and integrated. Accordingly, the 
insertion loss attributable to the Conductor loss of the ifiStal 
electrode can be remarkably reduced, and a thin film piezoelectric 
' device can be realized having a low insertion loss and having ^supeiribr 

0 electromechanical coupling coefficient -or acoustic quality factor (Q) . 
'-. A plan^ 

the thin film piezoelectric rese*^^ is devised Snd optimized. ' - 
. Accordingly/ thefe • can be obtained a -thin f ilk piezoelectric J device 
. having- a low insertion loss and superior pass band Chafact eristics, iri 
5 which any extra spurious signal or noise does not enter a pass band- 
When the thin film piezoelectric device of the present invention is 
used, the insertion loss is small, and the pass band characteristics 
are superior. Therefore, a. performance of a thin film piezoelectric 
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oscillator (VCO) > a filter, or a duplexer is enhanced, and the present 
invention can be utilized as various devices for mobile cbifuraanicatioh 
apparatuses. 
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